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AND, PREVENTION OF ‘THE DECAY 
"OF BUILDING STONE. 


‘Tuomas Ph. D., M. Am. Soe. C. E. 


8-59, I had occasion to pa pass “several months in the 


of Rodez, the capital and also the cathedral town of the Depart- 
ment of Aveyron, in ‘France. The cathedral was  thelline of the Hugue- 
a not wars. It showed in every part the mistaken zeal of those » religion 
4 ists, much of whose energy was expended in in destroying | what was most: — 
beautiful. ‘The m main doors w were a succession of diminishing arches. 
4 lined with beautifully ‘carved figures of saints in high ‘relief, but oor 
a projecting piece that could be reached had been battered with a ham-— 
a mer, so heen there was not a head, a leg, « or an arm left on the hundreds: aa 
of figures es that formerly « ornamented these doors. ors. The ca cathedral foun- 
dations were laid in the eighth century. ‘The building was finished i in t the 


last. It is constructed of red | sandstone, very like the 80 much 


‘ 7 used i in this. city, and is the most prominent building in the vicinity. 


, had not passed | it many times before T not noticed that the stone of © which | 
was built was was subject to serious decay. ye It was 1 not long befo elope 1 my at- 


it w 
_ tention w was attracted to the fact that while the lowe er part of the church, a 


4 


ay 


AMERICAN SQCIE FQIVILENGINEER, 
— 
lf 
— & 
§ THE CAUSE 
—_— 
— 
“a 
A 4 


ae, 


-EGLESTON on DECAY OF BUILDING STONE. 


hich was completed previous to the fifteenth or sixteenth century, 


the and which was fii by the pers 


oat ruin. 


at a time what might be called geometrical architecture 
hand, 


staircases w within staircases, “lanterns on flying 


a i almost every other architectural puzzle that was in in vogue in 
“those days. was ‘not long “before I noticed vad fact that ot where 


the s stone in any part ‘of the building had a siliceous binding “material 
ithe th the mouldings nor the surface of the stone were decomposed; 4 a 


tion ‘as the siliceous binding material decreased 


in proport 
quantity, so also was the stone decomposed, until some parts ‘of 
church had actually fallen from decay, and others were in danger. . Hay- 


occasion t cathedral almost dey ond four or 


also in all ‘the other varieties used in the "Being obliged to. 
come of de- 


the decay, some of which were so successful that the building on which 


they 1 were made had the progress of its decomposition almost entirely 
‘ arrested, ond it would have remained so for some years to come, if the 


ee front had d not been taken down for alterations two years ago. = hela 
ni In the year 1878, I noticed that the stone of whieh Trinity Church, i 


this city, is built, , showed serious of decay. In the 3 year 1880, 


was: 1s placed As the could not but 
on one, I commenced ‘it by making a careful s study of all | those 
of the church where tl the stone w was decomposed. ‘The fact 


ev ident at once that i in almost eve ery y place whee decomposition had 


fi 

more or r less horizontal. 1 It was apparent ator once that at least a part of 
the decay wa was” due toa defect in the construction of the mouldings 
m3 themselves, » none of them being properly u undercut, ‘so that t they do nob 


a shed rain as they should. In one or two instances imperfect stone was 
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= wed in the construction of the chareh, and in a 


through several. months, I the stone and outside of 
the: church, as far as it was accessible, high up into the steeple, 


thet these were used in its construction four different 


s ltkely to 


After learning what these s of stone w ere, and the mode. of 
: decomposition of each, I selected for mination thirty specimens from 


: ae parts of the building, both ads and out, | some of which were 
— aneeatyt fresh, and ‘others were scales of more or less thickness, 


A careful physical, chem-— 
ona microscopical wa of all of these specimens. 

As vad » investigation was somewhat extended, and involved the complete — 


> 


the whole subject o of the decay of building material, and as what 


as bes en | to be of the most permanent building- stones of 
New York and other cities, is undergoing the same decay as other stones 


in this country, I obtained the permission of the corporation of Trinity a 4 


to publish ‘my results. have thought thet ‘it would be of 


interest to present to this Society a short review of the w hole subject 


of | the aap of bui ding: stone, as well the investigation of the con- 


interest at the time, as of the buildings, 


a very few years, showing ser serious signs of decay. 
When 1 we take into consideration what n may | be found in | 

it is not at all that hich contain ‘in any 


‘acid, several different Varieties of ‘organic acs, ozone and 


oor that 1 428 parts of a saturated solution of carbonic acid in w 
required to dissolve one part of carbonate lime at zero Centi- 


grade; at 1 0 degrees Centigrade, it “required only 1136 parts: of acid. 
a much temperature age of lim 


very few places decom- 
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a part of artificial carbonate of magnesia is soluble in 150 to 300 “ain oe 
carbonic acid. mineral | magnesite in in 5 071 parts of pure 
"water er at 15 degrees "Centigrade, with no carbonic acid in it. = Artificial ¥ 

carbonate of “magnesia, containing three equivalents of water, is soluble 


in 48 porte. It is also a well-known fact that ; concentrated solutions a 

dissolve propottionately less than very dilute ones. ‘Carbonic acid is 
found in the purest air to the extent of about +35 of 1 per cent., and “a 

‘ in the air of large cities to three times that amount. tt is therefore 


: not a at all w onderful that this ‘action of solution | should take place ; 
building stone. Tt ‘is | known that nitric acid is generated | in small 
‘quantities by lightning, and that muriatic acid is frequently found, to 
amount of from 1 to grains to thot gallon « of air, in localities 


a ‘situated near manufactories or near the “sea. Organic acids are are some- 


_ times found in the air = considerable quantities; and recent researches* 


have proved that ‘these organic acids will ‘attack minerals which are 

. - completely ins insoluble i in ordinary acids, so that it has been proposed if “$4 
— them entirely for the mineral acids i in geological work; this is, 

perhaps, one of the reasons why | the silicates in roeks are so easily ‘= 


absorbed by the plants, and will probably a account ‘the ease decom 


ba 


ontnined in the atmosphere during a year. They wes a q 
sult of 266 determinations made in the City of Liege, Belgium; 
“on one side of. ‘which there is an is an n industrial, on the other an a agricultural 
distri district. | ‘The a average amount of carbonic acid obtained in 10 000 pate 

of air 5.1258 pests by weight and 3. 3526 parts by y volume, These 
"gentlemen remark that this is more than the amount c contained i in a 

of Paris, which is 4.831 parts by weight and 3.168 by volume. The 

larger amount at Liege is owing not only to the e lange ‘iron-works there, 

but ulso to the fact that the: city is surrounded by « by coal mines. To this the 
the the city, as it it is well known thet 


also attribute the cold weather 
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q "prevents the radiation of h 


of — to th o the ¢ diminution of the carbonic acid caused by the sisortion 
a of it by the ¢ grow ing leaves. . Their observations show that a fall of snow 


snOW 


:: amount was 3.571 parts, and that there was always a larger amount — 


‘They also found that the "quantity 


increased with a all of 


ill increase the amount to 3.761 by volume, and that i in cloudy weather = s 


winter than su 


- 
"which re researches go to show that at the. 7 time when the stone nae 
Bs most likely to be acted upon unfavorably— that is, in the winter—there — a 
is the greatest amount of carbonic acid in the air. 7 In Liege there are re 


some of the caused the effect of gases as 


a 
urope. 


The burned in the City 0 of New York 
fe year ‘amounts to 4 500 000 ome. a we estimate that this coal co contains, — 


an average, one-half of per cent. sulphur, which is an 
extremely low estimate, this would amount to about % pounds o of ordi- 

= nid pens acid | per ton of coal consumed, discharged into the air 


sulphur, , and and would amount in the course of — 


sulp acid. In In this » part of the we 


oxide and But in regions w where re bituminous | coal i is 
‘smmoniecal constituents: are given as well, ond thene cor 


= from the of the city, and bottle out: 
4 


oes lett expened during 41 days. _ At th the end of of that time it contained 


cable No centimeters of water. This water was found ‘to contain mil- 
Tigrams « of sulpharic acid. The experiment ¥ was not ‘made with a a view 


to catch all the sulphuric acid, but to see if some could be caught. 
Vv ery many of the days were bright, and the quantity of acid gas thrown 


othe must therefore have been many times that amount, although 
quantity is very large and sufficiently accounts for the rapid decay 
going the brownstone of that building. It has been estimated 


that the value of a a London winter's 8 smoke, including | the car bon which an 
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@ year to 78 750 tons of 
4 
q 
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& 
not appear that ordinary salt contained in the sea-air, or 
This experiment was made by Mr. J.B. Mackintosh, 


> 
‘ble amount of sea-spray, , has any very deleterious effect : upon 
oo work, except in so far as it produces a a certain amount of ‘other — 


alkaline substances by the action of the salt upon other bases, and in ce a 


3 way like all other er dampness an agent of decomposition, 


capes the only ¢ effect of it observable on buildings is its attack on tin * a 


roofing, which requires a protection of paint near the se sea, while i in in the 


of ‘the, country it will last for years without out rusting AY 
- interesting pap paper, § giving the ‘results of observations made near the rh 


on the quantity o of ¢ chlorides contained i in our rainfall i in the year a 


bas been recently published.* * ‘Iti is of great interest in ‘this connection 


- as showi ing that rain w water 1 may be a fertilizing as well as a very destruc- 


= S. It id be said, as a general rule, that stones a are less valuable : as s they 4 
, for the reason that they are more likely to absorb water. 


| = oteiain the ases which attack the ingredients, and also because the . 
water absorbed in freezing, by its expansion tends to. 


it has been sa said that the act of neg is the a 


sa 


all the the stone contains more water. Stones ‘that have 


2 ‘stone is quite s sufficient to disintegrate it, and this disintegration will 


allready begun to decompose se absorb a much larger” quantity of water 

ha f f 

than those from the quarry, , independent o of the 

w water which Gay contain, pend hence the the decay wih be more as 


that the surface of the obelisk absorbed 


- times t the amount of water thet w wae absorbed i by ¢ the s stone which had 


‘would be suflicient, ina climate like ours, serious disinte-. 


The builders of the early centuries seem to ee the in- 


action of water, whether as vein, be hail or snow, ‘upon their | build- 
— better we do. is more re striking than the shape pe of the 


"a "studied, even in the minutest detail, , and this is not at all strange, seal 
2 : these early masons and builders were a religious fraternity, who studied — 
* School of Mines Q rterly, Vol. VI, p. 35. 
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bt the building ‘material which its siuindieia are in the habit of using, upon 


_ their methods of construction. In | this country we began with wood, 
a because that w as the cheapest material and the most , easily y obtained. 
_ The forms that were adapted to wood, our architects have carried into 


‘stone, which is entirely unsuited for them, and hence the constant re- 


eurrence of flat ‘surfaces, which retain the moisture , and precipitate 2. 
decomposition, which otherwise ise might be very slow. va It is true that the . 


Dutch settlers here constructed their roots to some extent with ref- 


eu 


7 flat surfaces. is supposed that are mo 
"deleterious tothe stone in countries where there is sn 
; mini isin a country where there is only rain, but this is + the fact; i 


Ww here snow is allow ed to lodge, the water running through it will concen- — 
ian beneath on the surface of the stone, and even when the snow above — 


j oe not melted, if there is any thawing at all, the snow will be constantly 


moist on the bottom against the stone. This x moisture pereolates through 
the stone. The decomposit 


from this canes, can be noted « 


the ‘disintegration: of stone, » Which, while 


is not very contributes its share in weakening it, and that is 
the efflorescence u upon or the formation within the stone itself of more or . 
less soluble salts, which are generally sulphates. 1 ‘These, by exuding from a 


‘the surface, and crystaliizing both within and outside of the stone, must . 


of necessity cause a poomure ioe ward the outside, and thus, by producing e xs 


“grate it. Int the modern ha haste to finish the yauxicty 

to produce cheap ‘materials, almost everything is done with view to 
: ae gain money or to save time, while , thoroughness and durability are neg- Et 

—_— The lime of which the mortar is made is burned in direct em 

with a refuse fuel, and this contains very considerable 
4 


quantities o of iron pyFites, from which sulphates or acid are 
Produced, whi 


‘usually more or less “they either effloresce fr from the ‘mortar, 
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, 3 re it weak and causing it to dissolve out from the joints itself, or 


infiltrate through the stone and crystallize there, some of the substance — 
There is is, independent of this cause—imperfect work in the manufac. 
ture of brick—the formation of the sulphates of alumina from the pres 


re frequently than — 
enerally s supposed. _ This would form an alkaline sulphate of alumina, 


yyrites in the clay. They exist in it much mo 


containing either potash or sod, and tend ¢ to > dissever o or r weaken the 


quently done on brick buildings, or or the cleaning of the of 


; stone in the same way, ‘still further tends to i increase se the decomposition 4 


and consequent weakness, unless the stone or brick be immediately 

w washed | thoroughly with hot water, which, however, is never The 

use of acids t to cleanse any stone or brick- work i is ‘objectionable. > ‘There » 4 


are a number of substances which can be used for this purpose which . 
produce no injurious effect on the brick « or stone, and are more effectual, a 

bile » beng as as send acid. In underground work 


extra tra precaution to be taken with the structure. “The whe ork 


“the first tunnel. under the lake at Chicago was cr ashed i in several places, 

and the tunnel show ed out of place i in /many more, by the decomposition 

of the pyr rites” in the clay, w when the work was: allowed to remain 
exposed to the air too long before ® filling the space b between the brick 
The e corroding effect of sand carried by the the wind a at high velocity | hos 

a very decided influence in producing the disintegration of the surfaces 7 a: 


of This is is ev vident on on the surface of every building 


B: a. My attention w was as first called t to it it tby being asked to ) study t the reason on of 


ss the defacement of t the i inseri iptions on certain tombstones of historic in- 


terest some years aj ‘ago, which seemed to be produced by no assi gnable 


“a cause. _ These tombs were placed just where they received the dust 
: blown by the ¢ city winds, through an opening quite narro , bu t where 
eat 


i the action was constant whenever the winds were of any gr 


sa “might be 


sents on the 
er of ith the sand blast. were made upon ordi-_ 


ties. I very 
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found that there wa was no stone of — sufficient to resist the power 
“of the blast t even for a few minutes. ‘ Tr then tried hard white cast-— 


_iron and hardened steel, ‘but found that ‘they had oly ‘mall re- 


series sof of experiments on the minerals which the scale 0 7 


on stones hard ‘the topaz. surface abrasion was 
that t they were i in a very short time to powder, 


examining critically the « effects Of the e 
Ive y much regret t that ae not opportunity examin. 


path 


nn as well as hardness; but the time during v which I was eon to a. 
the blast was very limited, and I have never shad the opportunity of © ‘con- iz 
tinwing m my learned i in the c course of them, that on 


2 sand blast that Vv very substances 1 may be entirely protected from 4 


the effect of the blast by using either a rubber coating or a film of some ae a 
=, soft metal like tin, which, from its elasticity, ty, will throw y the grains ae: 


while the harder surfaces will be a abraded by y them. — This is no doubt 
“7. the reason why soapstones and other | varieties « 8 of ve very soft rocks, when ¥ 
= they do not Here them minerals like pyrites, which, by their r 


decomposition, cause them to have resisted 


for very long periods, 


“tion were necessarily as ‘hed s no wi when It began ran of th eons power 


of the blast. They, show conclusively the principle upon 


i which the curious abrasions of rocks over large | areas found in the far 
aM West, , which are the admiration of the geologist and the wonder of the 3 


1 


a 


Tad 
= 
a “4 
= & minerals in the scale of hardness, giving the name of the mineral, the F ; i _— 
time that it was under abrasion, and the weight in grams of the quan- 
q 
= 
he 


2 Time under Quantity lost, 


Topas (Goute d’ Eau) 
ae 


from Chester, Mass......... 


Corundum from Delaware Pa 


‘Black diame ond . 


a Thee emery y from Chose, Mas 


the ‘Specimen almost the corundum projecting, 


all of its surface was acted upon, though a different rate from that of 
ther magnetite. The iron minerals were so much softer than the corun- 


i 
dum, that they worked out before the corundum had an opportunity 


being ve very mueh s abraded. hea A conical hole ™ made i in the topaz pebble % 
hich in a few seconds longer w ould have per penetrated it, and the pebble 


would | have broken i in two from the increase of the hole tow ards the — 


corgndum rystal shad also a conical hole made i in it, large 


enough to put the little finger through. . The face of the black ‘diamond 


exposed t to the blast was as originally rough, but became quite smooth 
ake, 

end of the experiment, microscopic ‘examination of the surface 


of the sp specimens showed a exactly like the rolled 


was a difference in the composition, was a difference in 
depth o of t the pitting which is so characteristic of abraded surfaces. oa 
: Pe ty In order to ascertain what the direct application of these facts to 
buildings might be, I commenced : a series of examinations on on the 
—_— ‘position of of the dust of cities. I found it made up of organic material 
oft various kinds and sizes; of very minute, but very , sharp particles of 
‘ iron, mixed ‘occasionally with other metals; and of considerable q quanti- . 
ties of clear and very sharp quartz, with some feldspar, t together 
with 1 a few other minerals, § such as are found i in the poring: -stones and . 


- dirt of cities, ground to an impalpable | pow ywder. After a heavy rain, © q 
high” winds, I was soon able to collect ‘considerable 


On a a March ‘day we are 0 


ften made aware how 
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such sometimes is. When such “aust is carried by high winds « of 


ay velocity of from 30 to 90 miles an hour, it abrades the surface of all 


the soft and, after a time, of some of the harder stones, which cannot y 

the power of this dust, ‘hurled against it at such high ‘velocities. 
If the surfaces of some abraded stones are ¢ exam nined with a micros 


grains of a material of a nature quite forei ign to those of the stone will be ea 
; found adhering to: toit. it. This ¢ effect i is much more prominent in cities than in — 


the « open ca as it | e aided by th the city gases, but it takes 
in the country as well. The ave not unfrequently seen buildings in 


the whose abraded surfaces were due to this cause alone. 


s prove the fact, beyond doubt, that even the hardest 


: os substance 1 may be abraded by a comparatively soft material bested agains 


-itat ta high Vv elocity. 1 I had intended, at the close of these experiments, had 


sand-blast machine, to gradually reduce the 
ase the velocity of the blast until I Tshould 
2 _ used flour, 80 as in n this way | to study the action of the soft material al 
contained in the « city dust upon the stone. am satisfied, from many 


dreds of observations made on monuments and on the surfac 


sai 


¥ in , both i in 1 this country and abroad, that some a at lea ast a 


position that is attributed to other causes is due to the 


the 


Pip winds. _ There are many places where the falling out of the mortar be- 


Ps tween thes stones, and the rounding of the c corners at that particular andl 


> can hardly be attributable to any ‘other cause. Usually su such stones as or, : 

AS these, unless they are very soft, have the ‘tended surface quite as hard 
_as the rest of the stone, | while those x which are disintegrated from the 
= loss of any part of the constituents of the stone, whether they a y are: super 
; ficial or produced from internal causes, are always easily rubbed into 
3 sand. ‘There are many instances of this enter in the sandstones 
Lo used in some of the old buildings of Europe, the binding 1 material of the. 
grains of which has been entirely siliceous, the stones being worn and 

: rounded in this wey ed as to Produce a very ‘curious effect upon “the 
wW eather-beaten surfaces. Independent of the effect of the sand hurled 
by high winds, it it must be taken into account, also, that during violent 


rains, when ¢ the wind is high, the they wind will force the 


“it by wind have th the usual architectural defects 0 of flat 


mouldings n not undercut, the “disintegration of the stone composing 
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them be 1 very in cold climates. If, in addition to “= 


of the wind, any part of the binding aie is dissolved out by the ) 


gain, the decay of the stone ¥ will be very | rapid, an and will be produced Bh F, 


usually without any symptom of flaking, b because the surface e will 7 i= 


worn away before the decomposition has gone far enough in into the i in- 


a terior to cause the flaking to. take The therefore, ce, will 


remain unnoticed. 


commenced to decompose as shown by theexamination under the micro- 


scopic sev everal sandstones, the fi feldspar in in which has 


to kaolinize, but in which the decay has been arrested. This decompo- q 


si sition undoubtedly took place in these sandstones, wh hich are of ti triassic i 


4 origin, previous to the degradation of the rocks which now compose — a 


them. When these were ground uy up, and their elements | ‘redistributed 


3 to form the sandstone, there seems to have been a cessation of the causes a 


produced the decomposition, which arrested, and has not 
_ The characters which it is important t to observe are, w hether there are a 
contained i in the stone, minerals which h are either r already d decomposed, or * 


likely to hether these minerals c contain water in cavities 


in considerable quantities; or whether, either by disintegration or 


since, so far as we can see, advanced aby further i in the rock. ols a 


‘the Tooseness of binding material, the stone contains 80 inter- 


may either attack certain of the constituents, causing to or 
- may itself, under the influence of a severe climate, have sufficient pone : 


in the form: ice, to disintegrate the stone. The examination of the 
ies stone in the quarry should be conducted asa whole, and not with refer- a z 


ence to a particular part of it, for it 1 not unfrequently happens that 
stones: “composed of exactly the same minerals have entirely different 
i properties, as as granite and id gneiss, fo for r example, and yet one of ‘hem may 
not a stone for construction. n. ‘The age | of f the 


q 
Nearly call stones are weaker immediately after their extraction, 


while ‘they hold the quarry water, than after they have lost it, 
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rposes, too little attention is 
fing: ant yen to their microscopical characters, and sometimes, when they are so oe 
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Most stones after long exposure, m more especially if they h on 


uniformly | moist, absorb ‘more water «thm when they ar are @ fresh, , and are are- 


‘therefore more likely to. disintegrate from frost than when they were 
younger, , or than if they were kept uniformly r moist. Certain rocks ex-. 


— posed to high heat or to severe cold, lose t their pow * of resistance along *: 


lines of weakness, and tend to disintegrate, and this ‘effect 


eee as witness the ‘attempt to use in this city certain limestones re 


lar place wW here ‘the structure is die be erected, whether in the cityor 
ae 


country, is to be considered. = In the c city there a are noxious ‘and corrod- pe F 
ing gases, coming either from fuels” or manufactories; th the dryness: or 7 
_ dampness of the ground Lis to to be considered, and ee the par icular 


“spot chosen is w well ventilated or not; in the count ry, whether the air is. 
= hamid or dened or ‘whether th there are prevailing high v winds carrying sand pr es 


durability of and should be carefully considered before: 


ensive structures are undertaken. 


Building: stones may be div ided into three general classes: ‘first, , the 
different varieties granite and granitic r rocks; second, the marbles, 
_ which may have ranular structure, and may be eith er] ee. 
may have a coarse or granular structure, and may be eith lime 


_ stone or dolomite or serpentine; third, the sandstones, which may be 


havi ing an n organic, an argillaceous, a a ferruginous, 


when they are used roofing material, about which little 


need | be said, because the decomposition which they would undergo i in 


‘such ve very. y thin sheets wi would hendly take place when they are used 
pieces the construction of an ordinary 1 build ling. Be ides 


these stones, there are few others which are sometimes used 
in the’ vicinity where they are found, such as various kinds of trap or 


basalt and serpentines; also steatites, and .e other very soft rocks. 


bs. Their use, however, is not common. — Each of the ese stones: is wabjest to 2 
own particular kind of which my be or 


Granite i is made up of 4 feldspar and mica, is 


ay entirely : impervious to moisture, and until the two great fires of Chicago: ae Lr 
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and was to be an almost indestructible rock. 


have shown it contains within | many y elements 


replaced or in whole by microcline, cligoolaee, labradorite or 
a albite. The mica may ben muscov ite or biotite, and possibly other va: 
eties. The accessory minerals which either a accompany it, or in some 
eases replace a almost altogether some one of the regular constituents, are 
amphibole, pyroxene, epidote, tourmaline, and variotios of 


a Swe edish granites, achmite. Of the | other n minerals, it is ‘estimated that 
nearly t two-thirds of all the known mineral species are found in sieniti 
oa 4 rocks. At least ten of these accompany, in matte or tone large ¢ quantities, 


most granites. ‘These are garnet, titanite, giroon, apatite, magnetite, 
menaccanite, hematite, ‘pyrite, pyrrhotite and rutile. ‘The ‘variety 0 0 


Gs the species of feldspar and mica, as well as the way they are pu 


together in the changes both its and its 


qualities. 
een 


‘formed last. It is > more or less ss granular a and brittle, 80 that 
while it is harder than the feldspars, it eee not make the rock hard. 
 Orystels w hich are themselves quite fr iable, may be. separated from it by 
ain taps of a pointed tool. There is in the School of Mines’ ’ collection — 
a beautiful mass of epidote crystals two or three inches long, pee 


which Ww hen i ‘it arriv ed was entirely. embedded in 


ot contained i in two oO specimens m may be the same, the. character er of aan 
may be entirely different. When the crystals are distinet, and present 


highly polished cleavage faces, the rock will be hard; when on the con- 


_ trary, they a are lamellar and loosely aggregated, the rock will be soft. 


ON Not only ane the granites 3 of different besdnem, but they Possess different 
rates under heat, w hich, as will be shown, is one of wed 


reasons for their ‘disintegration. ‘The of absorbing 


is > quite different. 


— 
— 
. = one which is not liable to be represented by several species. While ae 
— 
— 
— 
— 
— 
— 
—— = 
— 
— 
— 
— 
- - = — 
age: | _ which give both the character and the hardness to the rock. This is due = 
3 
little less than one per cent., but when it 
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been exposed a very long time to a hot, dry climate, and has June » 
slightly disintegrated, it will, as shown by experiments made on the Lon- 
obelisk, absorb several times that amount. This.w vater, and the  differ- 
ent rates of expension of. its constituent minerals, is the reason why 


spells i in cases of buildings s exposed during large. conflagrations. 
"Granites are also of different degrees of fusibility, ‘depending on the 
‘quantity 1 and the kind of feldspar contained in them; those , containing 


ne kind 0 


sg albite are much more readily fusible | than those containing ‘orthoclase, > 
al the more so i the albite is, as it it often is, in thin ‘lamelle. The 


mount of mica present will also influence both the texture and 


of the stone. if it is scattered through the ‘rock, 
evenly diffused, and not in too large quantities, the rock will be strong, 


feldspar exyetals ox ane of proper is in 


‘The presence hornblende ‘minerals not seem to 
strength granite rocks, except so far as, | after very dang 


liable: to certain kinds of decomposition. It does not "generally occur 


= in planes somagees in given directions, and i is rather in in long « cry: stals. of 


sor somewhat fibrous, s that it seems rather to tend to. than 
the stone. The ‘The ont containing are e amongst 


with a much more fracture than the min- 
It does not tend to form fibrous masses, so tl that the rock is ‘much — ; 
ore ove brite than those containing the hornblende n minerals, Some New 
England ; granites | are liable to chip and break, o owing x to the presence — 
of this mineral, which, -wheney er it is bunched, is liable to crack ck out in 
‘nodules, or when is in quantity, evenly di istributed, to 


a: make the stone brittle as a whole. These two minerals exist together 
‘ie certain granites which are @ then all the stronger as they ¢ contain lees 


¥ pyroxene. e. When the rock contains hornblende alone, it is usually very 


. The feldspar present in such cases is almost invariably ortho- 


— 

> — 

. in directions which are parallel to each other, it may make the ae — 
4 
4 
4 

— 
a — 
ia 
— 
— 
_ 
— 
ia 
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which, as it is soundest and most permanent of the feldspar 
ily, mak 


es stone a very d desirable one 
is very generally believed that granite cannot decom} se. a The 


inization of the » feldspar goes on with ‘exceeding slowness, and ex- o 
under conditions very fav favorable to it, would not be likely to have .. 4 


influence for many years. Not 80, howev. er, with the other min- 


*4 ro which o compose it. | The « quartz is often full of microscopic bub- 
bles, carrying liable to by eold or to be transformed 


‘account ease with which th this mineral ¢ decomposes. Ww hhen it te is 
present i in large quantities, it makes the rock tender from the readiness 
with which it cleaves. When it is stratified it makes parallel lines of 


weakness: along , which ‘the stone wan 5 The quartz ¢ contained in in the 
rock is usually ‘full of cavities, some of which ai are microscopic} 


3 others macroscopic, which may disintegrate 1 the quartz, either by tl the 


on. expansion of the liquid by heat or cold, and ‘thus render the rock it- 
anes more liable to absorb moisture than. before. a Independently of all | 
«this i is the general change i in the structure of all - granites when n exposed . 


very great variations of which cause minute fissures. 
along the lines of least “resistance, which are constantly iner increased in 
* and depth, cousing | he stone to become weakened and finally to 4 


: disintegrate. - This is ‘most frequently seen in granites in which the tri- 
clinic feldspars occur, and i is most in when n the crystals 


| airetions when the 1 variations of temperature are very -y great, cause sep- 


_ arations to take place along the lines of f cleavage of the cr crystals, which | af 


is the line of least resistance, w hich very soon produces lines 
of weakness. are rarely to the eye eye, and may have 


ASS 


except by 
ample of this are to be seen in the obelisk of seiclbaly the one on on the 


Seemann embankment, and the one in Central Park, which are di inte- 


grating rapidly, and ina fow score of years, if left will prob- 


decay which h takes te in the granites is either ‘chemical 


3 


— | 
4 

— 

, | 
he 
4 

»lapse 
ithus tend to become widened by tne la 
— 
— 
§ 
— 
=— 

= 
—— 
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— 
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position of the sain and mi micas of which they are composed, - else of 
some mineral ‘contained in in the granite which decomposes easily, and by : 


its swelling e either causes the stone to flake, or or by i its decom position 1 to be- ; 


come and d leave the stone free to be mechanically acted upon 


; f oan and rain. If mechanical, ‘itis the result: of the we weakening anon 


the stone to disintegrate, and is simple mechanical action 
out any ‘chemical change. Bach weakness has been developed in in some 


"granites from this. cause, a as to produce considerable chipping | of the 


stone in the quarry. frequently occurs in the granites of New Eng- 
Be land to such an extent, as s to almost convert the ¢ exterior of the rock a a 
sand, or or to break it up into \ very small | pieces, s so that it can be easily , 


removed ‘without blasting. If, in addition to this cause mechanical 


weakness, the rock should contain pyroxene, is wo ould bes safer to reject -, 
the stone. The power r of the a action of frost is much greater than le: 


usually supposed. takes a long time for frost to enter any 


considerable distance into the interior of a stone. When it has « once — 


: :. entered, it takes a much longer time to thaw out. I have known of cases 


f where granitic rocks which were quite warm on the outside, where they ; 

were “exposed the sun, froze solid, liquid “cartridges introduced 
i into the drill-hole to blast the Tock. this case there was the 


"rock in front, which had ‘expanded by the heat one mate, the rock 
behind, which was expanded by the frost at a different rate, both 
forces acting at the same time, both tending t to weaken the = 
Such effects do ‘not act to “extent when the stone in 
structions, but it "may have acted prev ious to its being placed there, 
and have seriously weakened it. 7 Such disintegration takes a very long 


- time; has not been observ ed to any great extent, so far as my knowledge © a 
Goes, in the building 1 materials of this countr except in the quarries; 


and is easily provided against by a careful selection of the stone. It is, 
very common in some of the out- of especially 


in those granitic rocks which | contain a very large - proportion of maces , 
which mineral, as it is very easily cleaved, is always a source of i weak 


5 ‘especially when it ‘occurs ari arranged in parallel ‘planes, or 
substances likely to to undergo a chemical ¢ change. 


instal ances have been discarded 


= 
traction of the stone w +4 
_ ne where it is exposed either to v $s — 
5 r to very great, but grad- 
— 
— 
= 
= 

4 
— 
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material because they do not resist fire. 


sible, | and all will spall and exack under the influence of of such intense 


Blow. wpe heat as occurred in the great ions 0 of both h Boston a and Ohi 
cago. No other building-stone would have resisted those fires any better, a 


for the limestones would have been burned to  quick-lims lime, as did, 
and the sandstones Ww ould hav vedisintegrated i in the same way. z There is, 
; ays, howev er, great choice to be had in the selection of granites, on account — 


their mineralogical constitution, and the composition of the minerals 
which they contain. — . The amount of decay of which they are suscepti- 4 
—_ is the least of all natural stones, except some of the sandstones 


which have a siliceous | cement. Granite to be used as a buildin ~stone 


should be of uniform grain, free from dark spots or ageregations of of 


= inerals in bunches. It is s all the better where there are the fewest num- i 


ber of ‘minerals, especially of the triclinic  feldspars o or r larger mica 8 plates 
"or pyroxene contained in it. It especially be fr. e from i com- 

- pounds, v which are likely to oxidize, The decompositions « of any kind, 


Ve ow hether chemical, physical or mechanical, are very slow, and take place 


> 


Roa for the most ; part only in stones which a ‘a careful examination: would have 
caused to be rejected from the outset. 4 A good granite will last for a ages, 


but; no © granite wi with very large or very irregular sized feldspar crystals, 
* - or minerals likely to become oxidized, will last. ye It may even be said of 4 
— bricks that when they are improperly burned, » OF m: made of a poor qual- 
ity of clay, they fall to powder or “even be dissolved, 


re. while some of the Roman brick-work has stood for paaieesnis: years, 


—— Gneiss is for med | of the same constituents as granite, and is subject 
= to the same come of disintegration, only in a much higher degree, as 


to the arrangement of the 
the more or less of lamination, which is due the arrangement 


mica, causes it to we easily. - There is every possible gradation of rock, 


5 from a recognizable granite through g gneiss to a ‘a mica slate, depending ; 
ont the relative abundance of the — different “minerals. Owi ‘ing to the 


or... “a presence of so large an “amount of mica, and ‘that it frequently in 
addition contains a considerable amount o of “pyrites and other er sulphides, 


it to be a stone. This is seen in 


‘the that it is 


— = 

— | 

—— 

— 

— 
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— 

— 
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ently possible to remove it to a dep 
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feet with a pick and shovel. Generally, when hard is 
reached after the removal such a surface, the rock is worthless for 
_ several feet below, and will go on n disintegrating if put into foundations ¥ 
or . structures of any kind. I have seen slabs of gneiss 4 feet long by i 
foot thick, in ‘retaining walls, so thoroughly disintegrated by the de- a 


composition of t the ‘pyrites it contained, that it could be picked | to 
Pieces s with the nail, é These kinds of decomposition are constantly seen 


* the repairs | to: the foundations o of old houses and sometimes i in struc- mg 
but generally as such stone is buried it attracts but little atten- oe 


tion. | In retaining walls, whole sections built in th he u rp this 


city have become so weak in less than 20 years, tl that the ey have had to be 
= It is also liable s to exfoliation when | hen set in the structure in 


ch a v that the mica planes are to action 


is not known that rocks which and st ‘siabject to 
— almost no decomposition in in one climate, may be be thoroughly decomposed 

By to great depth i in another. 7 Such a decomposition acumen to be going on 

ie in the g gneiss of New York Island. : The w water taken from the sent = 
wells of this and of the an: contain from 12 to 20 20 grains te to 


been sunk to the th of 
to the gallon, of carbonate of sods, showing that the rock is undergoing 


the depth of 700 : feet and ov from 6 to 13 g grains 
decomposition at great depth s as well as at the surface, It has generally 


eure supposed that the brackishness of our artesian-well water ae 
a, ing to the fact that the dip of the the strata is is suc th as to bring to towar cae 


center of the island, from both sides, salt water both of t 


ers, but this could not ‘explain, even’ if it was true, for such depths 


of such large quantities of carbonate of soda. have seen 


gneiss in North Carolina so ‘thoroughly decomposed ov over a 
area, and to a . great. depth, that it was soft like clay . Inth the vicinity 


0 ‘an Tyne’ Station, on the e Richmond an and Danvil ille Railroad, + 


isan outcrop of a rock so 0 decomposed that, while Preserving a 


—— 
i 
: 
& 
¥ 
>. ae Pe quarry-bed, the quartz, or feldspar, when embedded in mica so that it is a eg 
all sides of it, will chip out. Generally, when properly used, if the 
— 
q 
; 
> 
> 
f 
— 
— 
— 
— 
2 
gXM 
4 
q into balls like clay. This decomposition has been traced to a depth of = 
f 250 feet ighborhood is a trap-dike, over 60 feet wide, so 
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"thoroughly decomposed that it ites can be shoveled duplike: dirt,y with thao indica 


half a mile, and found it ev every where in the s same e condition. — The 
— cuts eewale it i in one e place where the sides of the cut are over 


rocks, and the soils which aay furnish are m 


anne for by the wine 


Mica s alate is composed of quartz : and ‘mica. Iti is of necessity 


w. The is biotite. It 80 


m the action of decomposing pyrites, and tite the he decomposi- ; 


a of the mica, that iti is unfit for r anything but gravel. ‘Such material, y 
when thoroughly rotted, makes 


good roads and hard walks. Iti is 
_ sometimes used in buildings, but 
not very cape, | — 1s ¢ quite sure in n tit 


ften above ground. Its decay is 


quite arts e, if ms mica predominates, as it a 


Under the nam - of trap, seve 


ronal 
‘they cannot usually be got in large pieces, on on account of their brite. 


— , they are used only - occasionally for buildings, when they do not. 
e to be carried any | very great distance. | They a are composed mostly 


a triclinic feldapar, which i is often labradorite with pyroxene, peridot, 


ma agne etite, menaceanite, sometimes ener 


~ 


and a mica which is gener- 


ly biotite. . They are | almost always | ace 


chlorite, which is is usually a product of “They are are often full 


of small cavities w are lined with chalcedony ‘and the zeolitic minerals. 


decomposition | seems to be caused by the solution of certain parts 


"quarry water is in it, and quite tough —— Its decomposition i 

exceedingly sl slow. M No great buildings have been made of it, on account 4 

of the impossibility of getting it in large pieces. 


Serpentine i isa a hydrated silicate ot of variable composition, 


er ther minerals. wit isa 


— 
10 or 12 inches in diameter with an outsid mee 
— utside crust like the dirt, but a Jittle 
— 
— 
for those 
| 
— 
— 4 
= Of the rock and a greate 
r or less precipitation of the elements 
tion, is also a prod 
4 product of decomposition of o 


= but soft stone, and may be in me conditions from roughly lam- , 
9 ellar to almost granular. ‘It is associated with chromite and magnetite, 
and frequently contains considerable ble quantities of calcite, an and with cer 
tain ‘fibrous: minerals, which are sometimes a variety r of the rock itself, 

and ‘sometimes fibrous varieties of the amphibole series. When it is al 
contained in while it is often used as an ornamental stone. a: Not unfre- 


: quently it i is associated with ‘the var riety of steatite known as ea, oe. 


“when it becomes a serious impediment to use of the steatite. Both 
tones have been | used for building, although they a are so soft as to be — 


unsuitable for large structures. They in some places where 


a have been used for, 150 years; = . others 's they have commenced to 


mal 


< position or structure. When they are quite pure, both steatite and 
“serpentine, though so very soft, are practically rocks, 


in small pieces, which is objectionable i ina 


na ‘Under the name 0 of porphyry are included a avery large number of _ 
stones which have a 00 compact, generally dark- color ed “base, with crystals 


“either of or of quartz of different color showi ing in them. 


“doth of base and crystal, is, a very beautiful | stone. It was 
much ‘sought for b by the ancients cand was extensiv vely, used, both tor 


"construction and ornament. 4 None of these stones used in their buildings zs BY, 


show only a slight diminution of the polish, which, w where it wa was made a 
very high, seems ‘almost as as indestrt uctible as the stone itself. th places, 


"however, itis is quite frequently decomposed. have seen ‘considerable 
"quantities of it decomposed to a clay, oon exactly like t the unaltered _ 


rock, even’ to the colors. of the crystals, with every ingredient, except ‘Sa 


% the the 2 quartz, turned into a a plastic clay, so soft that it could be easily rv 
moulded in the hand. This decomposition has, how over, 60 fs: far as I 
been found i in situ. The same kind of “decomposition takes 


decompose in a much ‘shorter time. This is owing to the oe 
nature ot sock, , which is rarely ever “homogeneous, either in 


show any tr trace of decomposition, and those found in the ancient ruins 


— = 
~ 
— 
— 
= — 
is easily acted upon and cause the stone both to lighten in color and __ 
— 
iy q > 
ot, usually occur in dikes. The stone is very hard and tough, and generally 
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place i in the conglomerate r rocks of Lake ‘Superior, which ‘are 


when all the constituents of the rock, except the quartz, are sometimes 
‘a _tzansformed into a soft olay. The | entire replacement of the base of the 


amy gdaloid rocks of that region. 
= Slates are little used in construction, both from the difficulty of get- 


ce ting out | large | blocks, on account of the ease with which they cleave, an 


Decause | of ‘the unattractive color which most of them posse 


q They are ‘sometimes used for building in the vicinity of large e quarries, — ; 
4 only those pieces, however, being u used which do not readily cleave. They : 


must alws ays be placed i in their quarry- ‘bed. WwW yherpplaced i in a vertical posi- 


i tion they are very apt to ‘laminate, but in the quarry- bed they have stood — S 


2 for hundreds of years. _ Some varieties are subject t toa superficial decom- : 
position, which changes: the color to an unpleasant yellowish but 


a it is ver. y slow. | When the slate contains } pyrites its use must be avoided. 


‘Slates cannot tie pe carried 1 far as they a are not much esteemed, but 
a | durable ‘stone when of good quality, and only ot objectionable account 


_ of their color. ‘They are used chiefly for or roofing p purposes, but are being 
oy superseded of late years ‘on account of their w reight, it being 


more re expensive to build a roof enough | slate one 


Dutch traditions were still in force, the roofs were invariably 
made of slate 1d tile, and placed at an angle of 45 degrees, so as to 
“prev vent the accumulation of snow u upon them. Tile having been found 
altogether unsuited this climate, was abandoned entirely; but slate 


an aetinnne: popular until til tin and other materials | gee to supersede 


it, as they are ‘now doing toag great extent. is not ordinarily ‘subject q 


to decomposition, and when this does take place § in it, it is usually attrib- — 
to the of ‘Pyrites. I have, within a year, seen, 
on the roof of a a house in Massachusetts, rather thick roofing slates, 
entirely free from ‘pyrites, which were placed there twenty ago, 80 


4 curiosity th 


— 

— 

— 
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Slate w was much used for ornamental purposes, and where 


that of good quality was selected it answered perfectly well, as as it is is cap 

3 able of receiving very high polish. — Owing, how ever, to ) the difficulty of 

securing ‘a slate which was ‘compact and hard, this use of them seems to 
have been abandoned. They are, however, still extensively used to make 


enameled interior decoration. The old graveyards of New 


‘England ec contain: many ‘tombstones of slate dating back nearly to the 
se of the seventee teenth century. 1] Most of the » slate hi headstones in = a 


‘Trinity ehurchys are to al appearances entirely unaffected, and seem 

# to be as strong and perfect as on the day they were placed there. 

Two o of these were erected | in 1691 and 1692, the rth side of 

church, and were cut on both sides. One of them, ‘that of 169 1691, 


shows no 5 sign of deterioration, except an occasional spalling of v. very y small ral 


the of cleasages, by pre pressure; but the 
of fracture, though produced many years ago, are quite fresh. faces 


of both these stones are somewhat gray from alteration. es , 
ae? Of the different varieties of marble, those which are granular a are jails, 


ones which are generally most. ‘easily a attacked, and of the limestones 
and dolomites, the former seem to be most readily acted on, , While those bes 


Ww hich are composed of a of and dolomite, 


the limestone going first 


Ww here the buildings, however, are in con- 


fined d space, especially in cities, the ac action of ‘the and such 


gether uninfluenced at first, and according as there is 

or lene of in it to crumble, or leaving a 
mples of this decom- 
1t 


‘position in some @ of what were once the m most ee iful tombs i in our city 


-churchyards, ¥ which have literally fallen into sand by the solution of the — 
ie lime by the city gases. ur The commencement of this action may be seen 
on the to Alexander Hamilton i in Trinity church ard, and on: 


‘the Emmet monument in ‘St. Paul’ s. The is frequently 


dim 
seen in the dolomite quarries, as at Lee, om. where the: limestone i is 


ia 
| 
i 
— 
— 
a 
4 
— 
= 
leaving the dolomite. Most of this weat | 
ta in the country, or standing by themselves, by the decomposition of the 
minerals contained in the interior. which can easilv be prevented byprop 
v 
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The churchyards of the ‘country also are full of stones undergoing 

this kind of decay; which, howev er, progresses much more slow ree there 


than in the city. 


about half w vay between the church a Rector in the 


Shape of of a ‘monument with an an now about 


polished ‘columns, ith an open space in the | center of 


This monument was erected in the year 1820 to 


7 “the m memory y of Grace Lyde. It was made of highly polis hed marble, De 


‘and when it was put _,* was one of the most beautiful and graceful 
monuments ever erected in any of our city ‘churehyards, in the 


1860, the on the ue monument had already become legible. 
a About five yea years ago it was in n danger of falling, ai and an order ) WwW as given 
th the ‘churel h authorities to repair it it. was found, however, that the 


“i stone was so vas so badly decomposed that i it would not hold together under 


the | pressure of its own weight, so that the ‘monument could not be re- 


It had to be taken down. All of it that could be used was put 


up in its present shape. The decay hes still farther progressed since 


Bite then. ‘The stone is so soft that it easily « ‘crumbles between 


and itis rapidly falling into sand. ‘The i inscription has entirely disap- 


peared, and in a few years longer nothing will be left of it but sand, — 


‘The Capitol, at Frankfort, Ky., was built in 1837 of a , very fine-grained 4 


limestone, with some excess of carbonate of magnesia. ‘This has become ~ 


acted on, so that the building i is , completely coated with what appears to 
a very fine wash, which is very adherent, but « can ‘be easily ‘seraped 


off w ith a knife. Tt consists of carbonate of interior of the 


ale 


Asa general rule when a contains: it shou 
discarded, but it does" not always as necessary consequence 3 


thet te the presence of of pyr rites in stone is nat  necenity a disadvantage. As 


” fico may cause it to swell and disintegrate if in 


pact st stones its presence has! but little influence; in por ous ones iti is s gen- 
erally objectionable. But no absolute rule should be laid dow n, ‘for, 


while as a general thing it is t ded, itn may be harmless. * ge 
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per for use in the exterior of buildings. | It is often a matter of sur- — 


prise that come limestones do. not stand here, either in houses or in 


- eyard monuments, for great length | of time, while 


where. they stood, the air is ely also 
not contain so much, if any, of the i injarions oh affect 


e find that the effect upon the 


is very curiously dev veloped. 2 the stone is placed vertically, 


according it is mene less compact, is composed entirely 


of carbonate of lime, or or par tly of lime and dolomite, the e polish o on the 


stone will be very m much deteriorated in the course of ten or fifteen 


years and may, on certain ain stones, be entirely gone in n less 


there within the ‘century, where | the “inscriptions have been entirely 
obliterated, leavi ing in their place ‘surface, which scarcely 


cometery One Hu ndred and Fifty. street and North 
; _ where e the air is much p 
me 


bert: headstones have beco 

“will not bear thes own weight, a nd crumble from the least friction, even 
of the hand. Asa a general rule the finer the | texture and the. e closer ee 


crystals are arranged in the stone, the less this disintegration has taken a 


in the city, some of the marble — 


urer th 


so rotten after twenty years’ exposure, that they — 


‘The x monument erected i in 1814 to the . Sieur Rochefontaine, who & 
commanded the French forces during the Revolution, was so far decom-— 


“posed, that in year 1885 the inscription was recut by order of 


= Corporation < of Trinity Church. "The m monument not far from it, erected 
G.F. Cook, the famous actor, by Edmund Kean, in 1821, was repaired 


by © sarles Kean in 1846, and again by E. A. Sothern in 1874. Except ie: 


on the south ‘side, the inscriptions are now very much defaced. It was tar ‘ 


‘necessary to to recut the inscription on the monument to Alexander Hamil- < 
ton in Trinity churchyard, in 1885. The monument to Alexander Brad- 


ford, New York's first erected in the year | was so far de- 


one. This i is so > fer on already that cand 


eral it may be sak lat the pres 
presence or pyrites makes — 
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far defaced, from the of the stone, that only a a slight 
_ sion, where the lettering once was, can be 7 distinguished on the surface 


of “stone. the ‘result of the examination of 


the construction, in cities, of hich | are. to ‘be ex. 


"posed to the | air. One « of the most remarkable destructions of this 


which 1 has ever come within my is that of the cathedral 
Donal, in France; the _ whole the outside coating ‘of Caen 
stone of this church is is gone, leaving ‘nothing but 1 the filling of 
brick: and ‘rabble to support the interior of the church. it is said 
that the whole | of the outside of ‘Westminster Abbey has already been 


aaa twice, and and will soon have to be replaced a third time. The fe. . 


ss exterior of Cologne Cathedral was hardly finished before they commenced 


a to rep repair it. . Notre Dame, and the Tour St. Jaques, in Paris, require 3 3 


constant attention and and repair. 


‘The rate of disintegration in such stones used for buildings ca can be 


mu much lessened by filling the “pores of the stone where decay has 
7 already commenced, or previous to it its | being put into ) the building, with 
substance like oil, -Paraffine, or sulphur. In the case case of t 
: ‘experiments that have been tried u upon the Houses of Parliament, it a 


. been found d that t sulphur it in in solution has a 


has a also been found that the : filling o of the ‘pores sof that stone is —> 


erally useless if it has been done on the outside only. Isa saw “several 
a cases Ww where the 1e pores ¢ of the surface o only of ‘the stones, har es, having z been 
filled with sulphur, had retained their surfaces’ ‘during twenty } years | of 
ue exposure, and were only jut beginning to exfoliate. ' . Where the remedy 
has been ap applied to the six sides of the stone previous to its being put 
into the structure, it ‘seems to have been ‘effective, , such stones, 2 ‘after 
ten or fifteen years of exposure, showing no signs of decay. 
fae” Almost everything has been tried on the Houses of Parliament, but ae 
‘not hing as yet has been found to be successful. This is s owing g partly to 


the fact that a large proportion of the stone was unfit to put i into any 


any conditions. The Commission Ww vhich selected the 


which the be taken w when their 


= 


= 


bb —- can be brushed off of its surface with the hand. The inscription on the aa 4 j 
— 

Jimestone, whatever its character, is entirely unsuited in this climate 
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report was made, and no one responsible for the stone selected after 


this qu quarry was found to contain an ‘inadequate | supply; and when it ee Gs 


failed, stone was obtained almost anywhere that it could be had. The i‘ 


destruction hia has been so and the decomposition « of their ‘highly 


ire grossier 
% Paris a decompos e@ so rapidly, that the stones had to be removed after a a 


- few yea years. . Up p ) to 1860 there were on the side of the Louvre next the 
pe iia, between the passa ges s that e a the Place du Carous 


This sa same decomposition took an 
"place also in in certain sandstones with a calcareous binding material, 


which was much us used in Paris at this time. have often gathered 
sils the of the quarries from which these stone 


is case there was both the 
OF rea want of of t the stone and ‘subsequent deca 


es of soda and potash wlth: which the surface o: of the ES 
was washed in 1858, seems to have been quite effectual. z 
silicate of lime was formed, which has protected the 


urface nee fur ther action of the weather, but on the Houses of 


yaeore owing to the bad quality and the extremely soft and porous al 
nature of the stone, which h required that the pores should be filled at 

the: same time that the surface was indurated, it does not to 


and number of houses of ‘this stone were: 
ge. “aa both i in New York and Brooklyn, About the same time ne the i interior of ihe 


a “Trinity Chapel on Twenty-fifth ‘and Twenty- -sixth streets was lined with = 
stone. Inle less than ten years the Caen stone used on the outside of 


buildings i in ‘Tenth st street, between Fifth and Sixth avenues, began began to- cee 


Je exfoliate, and the fine ca carving 1g crambled to pieces before ai any thing « could — 7 
be done to preserve it. _ The rest of the f front of some 0 of these ‘buildings. ; 


«Orhamented SUurTaces Has extended 80 Tar, That Im the case OF 5 anc 
the small pinnacles which they surmount, they are now replaced by cast-— 
— 
— 
— 
& 

4 Louvre in Par 
| 
it — 
La 
a 
oduce Caen stone into 


four or ave youss. The interior of Trinity ‘Chapel, however, shows no 
trace of decomposition of any kind. stone is a little clouded with 
dirt, but otherwise is | apparently as as sound as | the day it was erected, 


showing that Caen stone is perfectly, suitable for interior decoration 
kept dry. Soft stones of this character can only be 1 used in 
in large cit cities by being kept constantly coate coated with 


ig It is not an uncommon thing where the dolomite and limestone =~ 2 a 
pee together, in slat slabs that have been highly | polished, to have the — 


: ber limestone filling between the crystals eaten out by the gases s when they “ 
are placed in confined places in cities, which leave the dolomite « crys- z 
= tals projecting, so that the surface looks as if it never h had been pol- 
‘ ished. An excellent example o of the commencement of such decay can 
seen in the altar tombstones near the south entrance to Trinity 
Church, and in in the Emmet monument ii in St. Paul’ 8 churchyard. 


An extremely cu curious 1s phenomenon sometimes takes ‘place from the 
= of limestones, which seems to threaten the immediate destruc- 


‘tion of the stone, but which it may for a very long time. It is not 

confined entirely to limestones, but occurs in sandstones as well. This oe = 

f oe the bulging of the stone owing to to heat applied entirely on one e side. = 

From ‘rom the constant expansion of the surface the crystals seem to assume - : 

‘a certain n degree ¢ of mobility among themselves, so that the stone bends 


on outwar ard if placed in a vertical position, or sags, if there is opportunity — 


tide, 
it, t, when = horizontally. This phenomenon has been in 


eaiuse use of a ‘chimney, I ‘found the opening at the te top p almost 
entirely closed by the sagging ‘of the c: cap, , which was a piece of dolomite 
3 feet 6 inches square and 2 inches thick. I had it turned over with 


the bulged side up. In the course of another six months it had com- 
menced to bend in the other | direction. ‘The next year it had to 


i turned over again, end al after two or three turnings it finally r broke. ‘The 


a heat of the fires on the under side had produced such a separation be- 
tween the crystals as t as to cause their movement, and the successive bend- a 


ings hed weakened th the stone #0 ‘that it no had sufficient resist 


Y OF BUILDING SIUNE. 
— 
a e only by keeping it constantly and 
— : 
bie 
— 
| 
as 
— 
— 
— 
— 
— 
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— 
— 
ear the strain OF Lending. in Dulldings the danger Ol Dulging is 
— 


only that o of throwing the stone out, as the expansion is on one side 
only, as it can never occur when the stone is in thin 


slabs for facings, can 
the stone is fastened ii into wall behind it. This mame phenomena 


is often seen in altar tombs where he slab is not. sufficiently oup- 


stones, or composed of mixtures of calcite and dolomite. Some a; 


in the center. Iti is most 


such tombs can be seen both in Trinity and ‘St. Paul's eburchyards, 


to to bathe in. in. On most tof such stones the i inseription ‘has been en- 
obliterated. have sometimes seen sandstones which had 

ae in thick ck layers, from the solution of their binding mate material, curl 
away, by the heat of the sun, ‘several inches from the stone , behind 


them, in sheets ov er eighteen inches wide, @ and ioe bending until they 


undergo a ‘more or less: rapid decomposition when exposed to 
the air. Such conglomerates a as these, composed mostly of quartz or 
a limestone grains cemented together by an argillaceous material, are quite _ 


frequent in the coal - formation, and are, of course, utter rly unsuited for a 
material. There are, however, limestone conglomerates, 


notably so some of those breccia a which are used in the | public buildings of — 
y 
Washington, where the disintegration, though much h slow er, is the 


Moss effective e. The beautiful colonnade of the Treasury Department on 


Fifteenth strech, : in Washingto on, is made of which is 
a as this. Some years before the rar, 


“ite ts extendin further. it coated with aint, and has been carefull 
g 


‘protected i in this way ever since, is not “generally known that the 


7 front of the old Capitol building and also of the White ‘House, which are 4 Ee 
- limestones, commenced to disintegrate so seriously that they were a 
a painted some forty years ago, and have been kept , painted ever since. 

same is taking place in some of the benntiful 


7 
— 
@ — 
iia 
4 » Certain conglomerates, which are very hard when extracted from th 
— 
— 
ima 
i 
— 

ie 
‘an thet it horame nencesary to nrove: 
itl 

— 
— 
4 — ‘Sandstones are generally supposed to be composed of q 
a ifferent kinds of binding material, such as quartz — a 
cemented together by different kinds of binding material, such as quartz 
one: with oxide of iron, as > 
itself, as is the case with the Potsdam sand: 


_EGLESTON ON DECAY OF BU ILDING STON E. 
in some of the sandstones of New Seung and Connecticut; and with car 
; -bonate of lime, with . or without o oxide of iron, as i is the case with ‘most of fa 
the stone Church, and of f the ordinary brownstone which is 
extensiv ely used in the construction of the fronts of our city 
Z Ins some cases s clay i is the binding ‘material of the sa nd, a nd in others it a 


to be some come compennd which whieh easily 


pieces ar are the s size wets a nut, ‘and, as is is requently thee case, 
A various colors, it is called a pudding- -stone. W hen the: pieces are angular, = 
7 > 
i : it is called a a breccia. , Wh here such siliceous rocks have undergone meta- 


action, n, they y are tr frequently changed to quartzites. I have 4 


without however melting, ante into a nearly compact quarti 


glas glassy | luster, having very much the acpest of a glazed porcelai 
ae eae, example. of this phenomena i is in the e metallurgical collection of 
thes School of of Mines. From s a s simple inspection thi there does not seem to be 


4 the slightest relation between the stone before and after + metamorphism, 


a; The s stones, however, that are compose 


d altogether o of quartz, 2 are of rarer “i 
occurrence than is is generally supposed. ‘The materials making up the 


rock are of variable composition, and include a great of minerals 


- which ‘seem to have come from previously existing rocks, which have . i 
been ground up subsequently. cemented ed together. In most =a 


the minerals contained in the stones have ‘retained the characteristic 


that they had in the e original rock. n microscopic 
can still be seen moving, as as they h have » been doing ‘since th the ) ages of ti their 
formation. The feldepers retain their characteriatics, and ‘the fact that 
the ,rock of which the sandstone was formed was ‘sound, or was cunder- 
: — going decomposition at at the e time 0 of its destruction, may still be se seen in 
‘The structure of the stone e is very different, not only from the differ 
on ent kinds and sizes of the grains which compose it it, but also according =: 
i, to the eel or less amount of pressure exerted at the time of its forma. : 
tion, Ins some, the consolidation is 80 loose that they are manifestly 
unfit for constructive 1 materials; in. in others, there is every degree of real 


ings Fey. 
or apparent comgecinenn, « In order to fix a rule, it has been stated i 


- those | se stones w hich, in « a climate like o our | own, effervesce slightly with 
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N ‘DECAY oF BUILDING STONE. 


be good Many of after having been expotd to 


the weather for a considera rable length of time, 


from three to fifteen per water in twenty- Jour hours, sande conse- 


quently stand but ¢ a » short time in a building 


quarry be bed, 
great length of time, e, unless the binding material is quartzose. 


or later, from | the effects of the weather, lamination will take place, and 


this may y be seen in most ‘of the sands tone pillars so so common on n the ¥ 
fronts houses in former days, an and on some of thes the 


in some of i its upper parts by this cause, as awl as decom 
— from other ¢ causes in other parts of the structure. ai 


by the. weather, the latter v very ery rapidly s SW vell and disintegrate the stone, 


and very soon: obliterate all traces of mouldings. Those having a 
ruginous gangue me are more unless the iron has from the 


stone likely to In some cases the causes which have 


produced the precipitation of the iron, which binds the sand rexel 
have acted very unequally, so that the stone is hard in some fp 


i hae and soft in others, and consequently resists the action of pressure 


consequen 


unequally in different parts. 


of the New Jersey si sandstone has. either an argillaceous ¢ or or calea- 


reous binding Inaterial. ‘ Both are easily ac ‘ted upon by the weather BY 


in the country and by the | gases: of the city, especially at points 

the ground or where the ‘mouldings are improperly cut, 


the water is ‘not. shed from, but remains on or filters through 

Examples of this may be found in almost every street in lange 


_ cities where brownstone is used. ‘The sam same kind of decay 1 may y take | 


lene: at or above the evel of the ground from a different . cause. If 


superstructure has not been | provided a he 


e more ore prominent a as the w valls are thicker. Re in eddition to thin, 
the surface drainage is tow ard the building, instead “ aw ein from it, the 


quantity. of moisture will be all the gr 
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produced when the water from the roof is not absolutely cut off 


vertical walls of the building. In old or nothing was 


done to prevent » this action except the drainage of the foundation, 


_ ‘When n the foundations were properly drained, ‘and the stone used i in a 


— 


3 them ] had a siliceous cement, the bad effect was s exceedingly limited in 


‘Zee extent, and did not usually show itself until after a long period of years, 


imited 
however, the stone w was @ limestone, or had a calcareous binding, 4 


aa this was slowly but surely dissolved out, the effect being all th the more: = 


rapid as the locality was. more densely populated. In order to prevent. 
this action, the outside of the foundation walls against the earth is 
covered with  ssphalt, and what is called a damp course is frequently eo 


. made by. spreading a a thin layer of asphalt over the horizontal surface of Be 
the wall abor ve the ground so as to prevent the water from 


up the walls of the building. there is no protection from 
dampness, as in most ola buildings, and ‘the s situation is a moist one, 


there is then another | ‘difficulty which hastens the | decomposition | of the < q 


stone, which is, that on the north side the stone is uniformly m moist 

“i while on m the south it is, from its greater exposure to the sun, dry and a 
2 moist alternately. As the moist side is already n near its point of satura ey 


tion it sheds the water, while that which i is Las absorbs and then | sheds, a 


ile: 
it, carrying sc some soluble material with it. 


a When in n sandstones the binding material ‘is oxide c of iron, poe is 


tr tly onl t h of it to o hold th Istone togetl that 


are always ra rapidly decomposed when subjected to 


* ¥ Of the sandstones having a siliceous binding material, ‘the Potsdam — 


aL ndstone, _ which has been used in the recently constructed buildings ot * 
Columbia College, and the siliceous triassic sandstone which was the mate-— 


a rial ar in the lower} ‘part of the Cathedral at t Rodez, are tt the best examples;. a 
‘and in these no | decomposition takes place. | of these sandstones it will be 4 


es noticed that there are two general varieties, one in which the quartz grains Ss 
are more or less large an are rounded, but are cemented together by a 


b 
ail silica, a a variety which may nay be found in any quarry from which ‘brown- 
a ee stone is taken, and is the only variety of that kind of sandstone which 

= should ever be used for building. In the Potsdam sandstone, on the: 
contrary, the grain of the quartz is quite small, its shape, when it 


— 
— 
— 
“al 
— 


The stone is porous, but i comented by silica, that it appears, on a 


cursory examination, to be quartzite. ‘This is the best. of all. building 


_ materials, though mouldings made of the other variety will will last for man 
years, without any appreciable amount of f deteriora ation. The 


Potsdam sandstone has been but recently introduced into New York. 

| Z It is an excel -ellent building material, Almost { the only objection to be 
3 made to it is that it is difficult to obtain it in large pieces. <- 


The siliceous variety , of the ordinary brown sandstone acti be see 


house where brownstone : is used, in any large city ‘- h ? 

in any Used, in any 4 ge ty. 
been the case, , that i bay examining houses w here the sonny I has gone on to 
such a —— as to almost make it necessary to take the fronts down 


ee rtain of the stones that t were composed e either of pebble 8, or of elle 
coarse grains by ere | i ‘80 sharp, having undergone 


ity 


building with anhot safety. “This is is true, not only oft the facings of the 

building, but ott the ornamental stone- work around the porticoes of the — s 

houses. the s selection | of only such stones as have a si 


ha had been made from the quarr y—as it undoubtedly was jas by the masons, 7 
a who, at the time that the Cathedral of Rodez was built, we ere * religious 4 
 order—we should probably have had little of ‘the of 


sandstones. es, Those men selected from t 


‘they! knew from tradition or own experiance was most suitable. It 


isa curious fact, and a standing monument to their know ledge, : ability, 
skill and conscientious work, that: many of the sandstone buildin 


“which they constructed are s still standing without serious decay, while 
those built later. on, are either on the w way to ruin, or are already i in ruins. s 


~All of the different kinds of weathering on the the brown sandstone 
istinetly seen in ‘Trinity and St. Paul’s rds. There i 
every gradation of it, from the stone that shows no trace of ever having F 


_ been cut cut, and is just crumbling to sand, to that which stands apparently _ 


_ all that is , required to have it last, is s shown by the fact that there is in 

Trinity churchyard a a brownstone head-stone, cut on both sides, bearing re 


a fresh ad the day it w was put up. 3 That careful selection of the stone van 


att 


Ft the date of 1681, Ww which shows ‘the rks of the tools used to eut 


f age. - Others in in St. 
% -Paul’s churchyard just as ‘sharp, , and showing also the tool marks, bear 


the dates of 1760, 1766, 1770, 1781, 1787, 1793, while some of + 1733 


oc: * In St. Michael’s churchyard, Charleston, 8. C., there is a cypress-wood head-board, 
— erected to the memory of Mary Anne Luten, who died in the year 1740, wae is still in snail 
and likely to last st many years. 
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have ecambled to to sand. “Alle of tl these st sstand ve vertical. That to the 
Rev. s. J ohnston, 1 President of Kings, now yw Columbia | College, 


> in 1882, ‘The one one to Mr. Faneuil, which h lies flat on the n north side 
church, which was erected in ‘1719, has the inscription “still ‘sharp 


a wi Most of. those put up v within this century have the dates barely visibl 


(One sharp stone, erected i in in ard on the south side the 


a eatin bearing the date of 1793, 


lew years longer. Comparativ ely of the: stones afte 


the of this century a are well preserved. 


‘a: The cause causes of the decay in all of these stones are the solution of of the 


binding material, and consequent ‘deterioration of the strength of the 


stone; or, where the stone ‘is weak in some parts and strong in others, 


‘ the stone, which havi ing 1g too ous a it and the 


‘ Bt stone fails entirely. _ Where th the binding material is lime, the cause of the 


‘ disintegration is is the action uy upon it of the 1 minute quantity of carbonic 
acid, and sulphurous and other | gases, dissolved from the air in the rain 


Water, which readily attack the surface of the stone. e. If th the mouldings 
are improperly cut, so that the water remains on them for any length | a 


of { time, o or - passes through them, it. may be that the surfaces of the bp 
of the “projecting pieces, such as as balconies" or projecting sills, 


hich are re improperly drained, and places where either the snow ond 
ice of winter or the water of ordinary showe! ers may rest, so as become 


= 


the tops « of the windows of the highly- decorated ‘built at ‘the 4 


eee _ ‘The The effect of the small amounts of city gases” absorbed by the water 


in dissolving g out fl ‘the binding material of the stone, ¢ can be most dis- 


tinotly seen wherever there has been a leak which has caused a perma- 


‘Here not oly the of 
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A @8 in the caseor Many Of the ierruginous sanastones, the part the stone 
: 
— 
a0sorbed if the stone Or to pass airectly through 1b Carrying With 
Pe a some of the binding material in solution, which eventually be- As “ 
entirely dissolved, will become either partially or wholly disin- 
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— 
a 
5 color, but the pitting from the solution Can De MOSt Seen. Ab 
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is as true in nature ona large § scale as in the - laboratory, that the lime 
end magnesia is | less soluble in concentrated solutions than i in diluted © 
ote The amount t of carbonic acid in 1 the water and the air at any time 
is extremely small, but the a accumulation of very ‘minute quantities, 
acti ting over a large area for a a considerable length of time, has, in many 
instances, ‘been sufficient to dissolve the whole of the binding 
tea leaving little | else than a skeleton of sand. W here there are two 
_ binding materials, one of which is lime, the solution of the latter leaves 


bones 
stone Wee of iron is n is the material, this is 


tains sulphur, i in in which ¢ case ase its oxidation would < ‘cause ‘the par 


of the binding material, which would be acted on by the 


and mineral acids contained in the city gases. 


oa tion of | some of the © sandstones of the coal formation in Kentucky i is 3 
interesting and ‘peculiar. ‘These rocks are of variable texture, 
in and forming while i in others 


is first it is quite it up against the weather on mall 
sides except the north. = On this side it disintegrates | end falls to sand, 


= only pine lands of the district. 


-izontally and vertically at the same time, leaving a thin hanging front, 


. This c cave forming takes place hor- 


which to alll appearances from. ‘the “outside is solid rock. After: 


time, holes of irregular size form in this front, which eventu ally bre: 
down, as does also the overhanging rock, when it can no longer bea ro 

the above i it. In this case is caused weak- 


parallel tothe stratification, chip off, to the depth s sometimes mae a ‘antin. 

of went inch. - When these are examined carefully, they do not always t show 
seh: any trace of following the : strata of the: stone. This flaking does not take 
i — until most of the binding n material has 4s gone, or been 1 entirely dis- 7 


‘solved out. i Whether this material is Salk an organic or mineral nature, y 


the: depth of the decomposition wit “determine the point at which it 


in irregular caves, often 10 or 15 feet high, forming by its disintegration — a 


Makes. kes. Th The least blow, ore a rend winter, or the infiltration of wa water 
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Thedecomposition of the sandstones shows itself in several ways. The 
— 
| 


een when this cause exists s only: to a small extent, or when there 


es a cavity in the stone, it will begin | to bulge away from the sides, 


may even crack out the infiltration of moisture, when that mois 
ae ture is caught inthe interior and freezes. This frequently takes placeo over 


them to pieces, I have frequently. seen aie on | the upper parts | of 


"sition on the surface, and Ww ere > finally detached from it i 
3 by an accidental blow or by the heavi ing of the frost. : When su: such sah 


are once broken or -eracked, the pieces rapidly | flake off. It is asserted 
stonemasons that flaking may y be produce ed by: 


80 fatigued that there is a tendency y toward the se separation ofthe 
«Grains, and that a stone so dressed w vill eventually laminate, W hether | 
this be true val not, it ould only account a of the difficulty. 


Although this method of dressing has been very generally 


“amin the planing and polishing there is no diminution of the 


I have tried filling the cavities made by fracture out of a - laminated 


to keep ‘them from breaking off o: on 1 horizontal surfaces. 3 I have 


sometimes been able to hold them in place y for a few years with shellac Hac on 


a vertical surface. — That the decomposition has gone | beyond the me 


flaked off may be tins n by examining the surface of the stone from which 


the flaking has taken place with a glass, even when the fresh fractu 


been exposed for but for a a short time On carefully at 


is generally taken for hammer but on ext examining it care 
fally it will be seen ‘that the ‘stone become that it 


a (682 EGLESTON ON DECAY OF BUILDING STONE. 
will dotermine the noint as well as the moment at which it will fol) 
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= When the phenomenon commences, sound hollow when struck, andare 
particularly ifa large number of blows are madein regular timeby 
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amount of soot at the bottom of each one of these holes, so that 
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change is a 
extends through the flake to the sui of the stone If exam- 


ined ‘carefully at this stage, ‘it w will be obs served that the pitting i is owing 


erable e extent. 7 iF W hen such stones a are re examined with the m mircroscope eit 
y be be found nt the pitting, which is all that is at first — 
ere 


ycombing of the stone, which 


to the fact that the binding has been dissolved out to a consid- 


poke i yhen the pitting has gor go 


enough, and thes the binding ™ material, of of whatever n 


been, hast been either par rtly or wholly ren remov oved. is s especially 


when it is ‘carbonate | of lime e, or 1 when there. has s been : 1 an ‘cause of weak- 


ness, such as the presence of minerals which have a pln to assume | 

"specific directions. Any cause w hich will produce an unequal expensio 

A such as the freezing of the water i nfiltrated, or the. - exposure of the su r- 


face toa very hot sun, will hav a tendency to cause the stone to break off 
in thin. lamellee, (OF to flake, Pitting as it occurs in the brown- 
~ stone of the ¢ city, cannot generally be seen by the e eye, and can only be 
ie observed by a careful examination with a glass. Occasionally a thin 


flake of the decomposed stone. is suffic iently honeycombed to 


light to pass pass through the fine p pin- choles. i Sometimes, however, as ae 
- the stone of Castle William, on Governor’ ’s Island, it is quite te deep, in 


some in rounded, but « oftener in elongated holes, w have 


y penetrated the stone a quarter x of an inch or more. Ww hen the y pittings 
: gee so large as this the stone does not flake, but falls into sand. iy ees 
Sometimes es the do not flake, ‘simply crumble over ‘the 


and at the sharp. edges. This ¢ occurs where either the angles have been 
= too sharp for the come where the stone has not been properly 1 aie. : 


cut, so that the water passing through aissolv es out the binding m mi 
‘and leaves nothing | to hold it together. This kind of decomposition 


Mis eB takes place i in the quarry as v well as in the structure, and may have taken 
ys place to such an extent that the s stone is w orthless to a very considera able 
depth. Ihave known of son me cases when it was necessary to strip the 
- sandstone « of a rry for 20 feet before arriving at any sound | tone. 
it is ‘said that apming new sandstone the rock for 2 
a pick, , and that it is’ generally ecessary 


for ‘several feet. It the for f 
stone is, ere refore, not sa 


from a new quarry without first making a a 
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partially chemical to: ascertain first whether the stone sound; 
secondly, ‘whether it contains any material which will be likely to be 


either decomposed or or be absorbed by the ac tion of the elements. al 


the surface or, that does not take place, to: 


should be to the air me after being taken 
- from the quarry + to season; that is, have the quarry water dried out 
of it, and to ascertain whether there was any commencement of de- 
position | or disintegration in any part of the stone. ‘This: wes a 
the practice of most of the ancient architects. Si Sir Christopher Wren “¥ 
“required that the stone for St. Paul’s Cathedral, in London, should a 


_ Season fo for two years after it was taken from _ the quarry before it was put 


into the building. _ It ‘is well known that stones with | the quarry water 

them are much softer than | after exposure. This is particularly true 
the soft limestones of ‘Paris, v which can be easily cut with h chisel and 


saw and planed with a a plane while the @ quarry water is in them, bu 


which afterwards become quite hard, ‘so as to. very considerably in- 


crease the expense of dressing them. has been frequently remarked 


“that in stones with the quarry water in them are exposed to the ait 


perature at which the water freezes, they chip much more » readily than 
_ when, after it has once been dried out, they are exposed to moisture. — 
"The explanation which has been given for this is that the qoaary 
ontains salts in solution, 1 which, on the ev evaporation of the wa water, 
bind the stone e together, and thus make it ‘stronger. _ Whether this is so 


es a or not, it was neh known to the ancients, and it has been shown by mod- 
erm ern experience that a tempered stone lasts longer than a fresh one, and 


a the fact merits the attention of builders. often happens that decom 


- Position may have gone on in n certain localities to the depth of three to. 
inches without its being perceptible on the surface 
7 pyrites, in ony shape in which it can decompose, is present, this will act 


“upon the various kinds of binding material, and cause the stone to disine 


— 
| 
— 
— 
ae a _ mnere freezing of the water absorbed will be sufficient to flake off part a 
— 
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— 
— 
— 
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that which will last fora great length of time, and this ean always be dis- 


JESTON ON ‘DECAY OF BUILDIN 
4 
tinguished because it is highly siliceous, and contains ‘no traces of m mica, 
a 3 and but little ma terial soluble in ac ids. The presence of mica is e 
a tially | bad because it shows i. probable tendency to Jamination i in n the stone. bs 
ine here the stone would otherwise be good, the i improper cutting z of mould- 
and the want of undercutting of mouldings, « 


"capillary attraction, for the water to run t up until it meets some ne paint so 2 
x ascending that it -eannot follow up, and from here it will drip without 


through the stone. Where the surfaces are flat, crumbling 


w here are thin, that the w vater 
pass them , "stones will crumble flake; an nd 
there are immediately under projecting n mould- 


ings, in sue a condition that the vill flow up over the nould- 


and slowly down on will take take pl 


ti isa remarkable fact, in over buildi dings ¢ that have undergone 


this decomposition, that the greater part of itw will be found within acom- 


paratively short “distance from the ground- nd—generally, within ten feet. 


this point it gradually diminishes up to about 50 feet, where it ceases 


- entirely,y ‘unless there is some action of sulphurous gases, or the acid or ee 
line gases from | the combusti ion o of wood or ¢ coal, or from manufac tories, 


‘e oming in contact with the stone. Re ‘Tna all the buildings that I have had 


oecasion to examine, beyond one hundred feet there is ‘not only 1 no d 


composition, but ut the | stone is harder than it appears to | have been origin- — 


ally. ne The same stone w hich would last almost indefinitely when pat 


a in the o open no other buildings » near it, 


it. it had not ‘been law, Ww ould increased this 


decomposition ‘and would hi ave greatly raised the maximum height to. 


The s ene of w hich Trinity C 


always b been supposed to be and, ‘until the which 
s has has become manifest within a few years, has s always been supposed to be- 


3 one one of the stones that w ould resist the action of the weather. bes einvesti- 
Pir gation which has been m made,* has shown not only that there a are different. “5 


re * The microscopic examination of the specimens taken from Trinity Church was made 
by Br. A. A. A. of the School of Mines. he 


4 the most fruitful cause 
a 
| 
q q 
— 
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ON oF 


omposed 
of quartz gr ains, abled | by a cement, ny: contain 1 not less than weit 


varieties sof minerals, embracing twenty- five | species, some 


Green tourmaline Pyrolusite 


7 name given ‘by Vogelsang to the black opaque g grains and scales which 
frequently occur in rocks, and which cannot be identified with mag- 


In addition to these, there is a considerable enentity of opacite, 4 


$ netite, menaceanite or any other | mineral. WwW hat is is more » remarkable in j 


4 this enumeration of species is the ‘complete | absence of pyrites, . Al of * 
this stone contains a considerable quantity of mater il easily soluble in 
D acids, x most of it efferves escing, a certain portion of it going into solution | 
with the greatest ease. If the stone had been properly selected at the s 
time of the ehrureh, or the n moulaings be bad been 80 con- 


_ composition at this time, but without some protection it mae ev aly 


The depth and kind of ‘ecompositon differ in eac h var wiety 0 of 


below a projecting ieee, the ne decomposition has gone. on en tes a very 


yere more or less 


I snoceeded in in getting a piece of stone ich had been 


yin ing exposed to to the we until ‘within four or five years, and had 


hen been it dug up p and left exposed to 


SST 
—— 
— | 
— 
— 
to decay in places, and this process is still going on. The fol- 
— a lowing is the list of the minerals found in the sandstone of ‘Trinity 7 
— 
— 
Kaolin, 
Muscovite, 
a 
— 4 
— a 
— 
,, 
a 


air for some time, and then carried tot the cellar of the anil, where ity 


before the specimens for examination were were taken from it. 


ays : 


which “compose the s stone; by lamination; and third, crum- 
bling to pow der. The way i in which each one of these is effected depends 


the position of the stone. ‘The piling is quite irregular, and is 


to the removal of the cementing material from the surface; 


where this has been done the ection of the w eather, there seems to 


a ~ have been a deposit of sooty material at the bottom of "the depression . 


which has has slightly changed | the color of the stone, so that the outside is a 


ofa dif fferent tint: from the inside. ‘The ca cause of this i is not shown until 

he stone is examined with a microscope of high pow er. | On | treating 


1 a stone as this with acid, generally no efferves escence takes place, and 


ery little of it is soluble. ae The same is true, but. toa less extent, where p 


‘te rock has flaked. ‘ The e flaking, does not ee to be owing t to the 


it held in its quarry ‘though in. many places it has evidently not 


deen placed j in its natural position; ‘nor to the fact that the stone is lam- 


, owing t to ‘the presence of large quantities of of mica; but it is owing 


the absorption of the cementing mater ial by atmospheric 


Iti is also to be obecrved ‘that there are in many sendshones which are 


_ used for building in this city, organic materials which act as the cement, 


and al are easily decomposed by | 0 the weather. 


kn kind, ¢ except to a very limited | extent, does n ot : seem to have been 1 used i in 


the walls of ‘Seintty Oharch, though it is. extremely common in other 


— 
s of the city. it can caly be be kept from complete disintegration 


‘further ¢ encroacaments: of the weather, which must be renewed from 
time to time as it dee composed dissolved 


House of in n London, not adhered ing The different 


q 
a 
— iim 
— 
aw 
—_ 
3 ‘ a from a single quarry, which had been determined by observation to ce ’ e 
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Second,— —Fine-gr rained reddish-brown. Of this there 


onto -grained light gray. Of this variety there were 6 


of f these varieties are distinguishable i in th the ofthe 
itself. ‘The: stone was, for ‘the mont part, of the same having 
~ hadin the e quarry a a calcareous cement. : It does not appear that any y large 4 


quantity o of this stone would have endured exposure in the quarry or — 


in the building for any great number of years without being affected b ae 


e: None of those which had a siliceous cement. appear to have been | decom- 
= 
4 posed. There are two types. of the > first 1 variety of distinguished 


as ‘ and B Both of these w ere taken from the piece that had not 

e3 exposed in ‘the building. ‘The type Awas coarsely laminated and 
ta following minerals: Quartz in very irregular grains, most 


them rounded, some, of them quite spherical, filled with minute 


‘hte either in motion | ng in color te rom smok 


ma menaccanite 


hydro biotite, muscovite and margarodite are quite 


regularly 


through th the rock; epidote i in particles, in | 


in very small grains, and sorietio in minute bunches around and etwas 
he e grains of quartz and feldspar, are also foun . Of all the minerals oi 


1e micas are those which have ‘undergone the most decomposition, 


mated varieties ap pearin everyw here, and these fre uentl havin 


be come opaque from still further decay. The rock ‘gave a lively 


effervescence with citric acid, , showing the presence of calcite ; 


ite 
also present in small quantities. wal 
Thee os determined as 


— 
—— 
— 
— 
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— 
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— 
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— 
4 White to red; orthoclase, piagiociase, probably ene microcline 
a distinctly cleavable. These were the prevalent minerals. Magnetite 
stributed. 
i 
a 
— 
— 
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— 
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‘The rock was slightly altered, as “oe also the minerals that compose — 


it, To give a fair ‘idea of the amount of decomposition, the g 


-biotite... 


th e second variety "of the stone, B, which had not been put into 
the building, had {Jain a the > ground in the chure shyard exposed to the 


elements for about 30 3 ‘years. » One part had been acted on by the 


weather, and was of lighter color than the r rest, owin ing to pitting. Here 


the dropping out of grains of quartz and feldspar is dis inalty v 
but all parts of the stone effervesced with citric acid. ‘The specimen 
contained about the same quantity of of quartz and feldspar as as No. 
“Hydro: biotite, sericite, m: margarodite cand are in elongated 
and er crushed kyanite, blue tourmaline, hematite, magnetite, 
way way the alteration of the minerals which the iad 


taken place, i is given nbelow: 


. .. 
rocline 


aun: 


‘The ‘weathered part of of this “variety i is deeply pitied, but there there do a 
“not appear to be any appreciable widening of the distances betw 


7 7 but the rock is honeycombed by the deeper o of the pits going - 


through the flaking; the calcite was entirely gone, I effervescence 


taking place in in citric acid. “The 1 minerals not seem to 
undergone any en since they became incerporated 


the second were unaltered both of 
: se were taken from the inside of the tower high | up in the e steeple. 


| 
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composing it are quartz and feldspar as before, brown tourmaline, nil 
4 cite, margarodite, | hydro-biotite, garnet, epidote and magnetite. It does 
proportion of the the ingredients contained in won stone was: a 


Feldspar 
third variety is fine- e-grained and indistinctly lamellar. 
= fresh specimen was taken hig high 2 up from a the inside of the t tower. 
effervesces ra rapidly with citric acid. most prominent ‘mineral is” 
quartz, whieh is quite clear; t the orthoclase is generally cloudy. The 
accompanying are amphibole, garnet, margarodite, hydro- 
biotite, brown tourmaline and ‘sericite. There is but little plagioclase, 


proportions of these were found in three speci-- 


ul 


100100 


abundance of “nadie: arranged in planes. about 


normal to the direction of easiest cleavage of the feldspar. Between a 
these cleavages there is ‘slight transparent: film of sericite which po 


s larizes feebly. . This mineral is probably the result of the pie 4 


ie ment of the alteration of the feldsper, but in some of the grains the — 
decomposition has not progressed further, while i in others ‘its ‘progress 

shown by the innumerable very small microlites which are quite 


- colorless, but give a milky appearance to the grains where they occur. 


both sericite and ‘epidote. The hydro- biotite is 
ansparent green in the center, brown on edges, 


the | specimen. is not it is close-grained 
interstices, when it is weathered i it i is /honeycombed. 


— 
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| 
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The variety was: ‘coarse- grained yellow ish. 


so pitting is found « It ‘contains n no 10 carbonate 


some inc 
ad ‘the en grains ‘being -loudy, is ato 


The are marg: 


pidote, ‘amphibole, sericite, magnetite and iron oc shre. No pitting 


curs, s, except in the specimens in which there a are red flakes, and here 
See it is 8 quite deep. | ‘The: specimens where this occurs were taken from th 


outside of the church near the ground, where they v were exposed not 


only to the action of but to o that of the dampness, y 


a 


Quart: tz 57 


tion | is ‘not caused by either the of aggregation of pa 
ticles, nor by the structure of the stone. A In all the specimens there 


was shown great compactness and no cay ities, except occasionally when 
— had fallen out ow ing to the » absorption of | the binding material. 
It was not influenced by | structure, , for while there is an abundance of 


mica, the ‘splitting is as much across the mica plane a as in nit. If any- 
thing, the mica, though acted on, seems to heave: played, to: some extent, 


disintegration i is not owing to the decomposition. of the 


‘most of w which belongs to the var iety orthoclase which decomposes with 


- ‘comparative ve ease, It is to be noticed that the me amount of ortho- if: 


to any extent since the 


consolidation of On the contrary, it seems Ss 


have been completely arrested. | This is shown by the fi fact, that in ‘the | ? 


most siete eathered specimens, t 4 the proportion on of milky grains a 


is no greater, and ‘the d further adv. anced th 


— 
4 
= 
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these grains were more or le 


fresh ones. The seems to have been formed out of the destruc. 
tion of granitic | rocks, which had iad commenced to decompose during the 


trias previous to their destruction, and to have been consolidated | under 


immense pressure, as is shown by thee cr rampled and irregularly ‘broken 
——/ -@ and curved mica plates, and the compact nature a and clos close union of the a 


appears, however, that some decomposition has” actually 
place i in the minerals of the stone since its consolidation into rock form. 
‘This i is shown i in the condition of the iron both the biotite and 
4 
hydro- biotite, which contains from 5 to 25° per cent. of ferrous oxide, 
from 1 to 4 per ee cent of water, which h readily decompose. That That some de- 


- composition has taken place i in it ‘is shown ie the waning color of the 


mineral, individual pieces being ‘mottled brown and green, n, and also by 
th ea of ‘upon th them, as W as by the fact that 


deco is seen in the unaltered stones, but it is ‘more q 
minent in the ' wostanel ones, and while of itself it would have had 


; si but little influence i in weakening the stone, it undoubtedly ot the con- 4 4 3 
stituents into a form in which they would be more easily ‘attacked. 


Wh While this | decomposition is not sufficient to for the entire 


ow weathering -of the e stone, it ‘undoubtedly « contributed, although slightly, 
4 a to it, as at the most it could w w eaken the stone but ‘little. It is, how- 


s very slight alteration in the he margarodite, » amphibole and and garnet is seen. seen, 


ever, to be observ ed | that the n ‘mineral calcite is present in overy one of 


: the unaltered specimens nens except the last var variety, which consisted of thr ree a 

specin imens out of | the thirty e examined, and that in ali the 


Varieties this was either wanting entirely or present in small quan Be 


pro 


- tities, and that wherever er it was dissolved out to a small extent, there the : 
: ~ stone wai was pitted, an and 1 when ¢ entirely gone, honeycombed, renderi ing that that 


part of t the stone porous and open on on the outside. How far the i 
has been removed at the: same time as the lime, cannot be : stated. 


There has been no very | Great ¢ change in the color of the stone—cer- 

tainly no not. for us to suppose the removal of any lange quantity 
of iron oxide, and but little that may ‘not be accounted for by the pres- — 


ence of small quantities of deposited | at the bottom the pit- 


in the stone. The decay is deep- seated, penetrating, at times, 


several inches into the stone, which still looks sound on the out- 
side, not showing the least trace | of faking; b but in no case is the lime ; 


4 


‘ 
— 
4 
— 

— 

— 

g 
— 
— 
| 
— 
4 
— 
— 


= 


entirely wanting from the interior of the stone, even when it has | 


rer 
‘ant m muc ich less stal stable, and f far more likely to be acted on. It It i is ei 


in any part of the s stone, but is mue sh so where the 


ealcite i is gone. oye action a the iron, w hile it could not go on at any 


in the i interior, was ae its m wenhnem on the outside of te 
was already porous from. the solution of part of its binding 


this rendered it likely to flake at short distances from the surface, the 
_ stone falling off in layers along the lines of least resistance, correspond- 
to the plane which included the g greatest “number of pit bottoms, 
7 % and cor nsequently give an appearance of lamination in the stone w hich 


did not in the stone ‘Frost would separate stone a 


nt of alll these consi 


these stones a of organic Ww which 
- detected on heating the stone by the empyreumatic odor \ w which it g i i 
™ 


cope does not _ show any vegetable mat 


aces of carbon which is not in a porn of aabiaiini: 
Iti is well ine own that or apne s acids form combinations with bases, which FF 


submitted to the continued action — 

more re rapid as this moisture is slightly 

It is most common to find, ‘either i in or in the — 


al quantities of organic materia als, either fos- a 
silined, such as ligni 
“Asphalt was actually in very in two specimens 


of undecomposed stone. . In other sandstones organic acids have been Ri = 


found. _ It ismore than probable that they would be found ‘much oftener : 
if looked The of such investigations, how ever, generally 


Dr. Julian has called | attention t to the fact 


a that th the ochreous condition of sandstones of different geological ages is — 
not the same. In those of the periods it is ‘hematite, which 


a frequently ‘produces such perman 


stone. Tn it is tart or lime nonite, and i so small 


sion, in the Far WwW Vest, to examine the of a 


— 
— 
4 
— 
Tt, | 
— 
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a OF stone excavated in the w inter it om such quarry, ana al 


found that the rock, though strong, be r rubbed into 


In the sandstones intermediate geological 


githite predominates, and is in v variable quantities » different 


of the : same bed, _ making the rock correspondingly strong ce 
g sly g 


_ weak. ‘The range of the variation is so great as to imply | the > possible — 


association of acids with the iron oxide. Whatever ‘may be the 


cause of the deca is not of the rock. It is snot 


ay me rock, 


wholly explained the solution of the matter, but is 


undoubtedly hastened by it. t. It had 1 progressed somewhat the quarry 


flaking « of ‘the stone i in thin pa parallel. layers is is per explained 
solution ‘of the lime, but the deep- seated decay needs fur ther or study, as 
* the action of the ac id, waters and g gases | does: not fully explain i it. 4 The — 


flaking is is hastened by the heat of ounener and the fr ost of winter, and 


is always most prominent w here ‘there i is any drip of water. 


Tt is certain that ' the decay can be retarded d, even in the buildings 


hich were constructed + soa enty or thirty years” ago, so as to 0 make them 


last for many years. _ It is not certain that it can be. completely arrested, 
"The decay in | Trinity Church is one of the best examples that could 


7 have been chosen, for ‘it applies to one of dhe me most compact and well- Fe 
A 8 selected building stones of the country, 1 which was selected at the sta 
i “i on account of its supposed great durability. Mi It is certain that from 


the same ey by a careful selection of stones with siliceous binding # 


% materials, a and ‘the rejec tion nm of all others, material ‘might have been 
selec ected that would have lasted indefinitely. 


has been to consider all sandstones as good for 


purposes, or “not, according | they w ere compact or more 0 or ess 


¥ porous, and this rule has undoubtedly influenced the e choice of of the stone 


+ which has b been used, which is in this respect an n extremely good one. 


The theory generally y accepted i is that the pr porous stones absorb ‘moisture, 


which in the cold of winter freezes and, , expanding, disintegrates the — 


stone; and that the heat of the sun also contributes its share to the == ; 


specially th that on all thet faces of ‘the building pro- 


jecting stone, w hether it has had ‘mouldings cut on it or the stone 4 
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“Ibis isa fact that in all of the 


“spec imens ns taken from all parts of the * bo insid and 


and consequently no such } cause of « disintegration as often epg 


decay in in bailding mater rials ¢ can be ascribed to it. 


; representing so many varieties of stone, no iron - pyrites has been found, 


“quantity « of carbonate of lime was contained in ‘most t of the specimens, 
- the fresh atone containing the wee and that in all ‘the decayed crusts — 
the lime was present in very small quantities s only, or not at all; and in 
many cases this | decomposition | has gone on to some extent, even to the 
depth of eight or ten inches in the interior of the stone, w without show- 
ing any trace of de composition on the outside. oto stone wa was thus: 


porous | by this solution, even the weathered 


in alli This i is ‘shown t to place into the 
interior, even when it appenred not to be affected on the ‘outside ‘at all. 


te was ‘not able to find a sing gle sp specimen of the stone e in any pa “part 


the building that had apparently undergone this action to a cer- 
extent. In some few cases is to the | dissolving 


out of a ‘small amount of the « 
1 additional cement; but it is aid 
every but few such were noticed—wh stone 


alin’ in ev ery part has annpaee a less of this interior dec 
which seems to extend through the whole stone, and in some 


{ 1's where it was s particularly weak has caused the bulging of the | face inthin 

2am laminze, ev en where the stone has been laid in its quarry- -bed. Ina very 


oo. few instances it seems that this bulging may have been owing to a de- © 
composition of some of the minerals contained i in the sstone, 


a None of bec causes which are usually alleged to account for decay 
Seem to be prev valent here. These are usually | a loose consolidation of 


the san sand | of the stone, owing +o the fact that the cementing material is not 

quartz, os it is in the Potsdam sandstone used in the new buildings of 

Columbia College, but i is some material to 
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the undercutting of the mouldings where there is a drip, the water 
_— Femains in and is absorbed by the stone, and in some cases ‘Penses 
a, it. _ Eve ery shower of rain, particularly in cities, removes a very rs 
minate amount binding 1 material from the outside. When the stone 
is soft, ow ing to the small ‘quantity of binding material contained in it, 
the e action is comparatively rapid; and if to natural causes are added the , 
¥ “corrosive gases ¢ of the city, decay will be ve very rapid. - This decomposition 
on most “rapidly under projecting horizontal p pieces. flow of 
‘Fain water over vertical surface of stone injures it but t slightly, only 
that hich is absorbed affecting any damage. The rest is 80 rapidly 
oo ‘shed that it has no time to dissolve out anything. > When the water is _ 
shed, the ‘solution of the binding material is uniformly ‘slight 
, as the evaporation of the water leaves all the s solid parts which i ii 
dissolved, behind. But when the water passes through the stone, 4 
pe the quantity ‘dripping on it is such that | the stone cannot ot absorb it, a 


that t it ‘either passes directly ‘through o or runs off from, the surface in 


exists are in “these conditions. In the country this would 


4 


4 probably have but little effect, and the building w w ould last a long 4 
_ time; but in the ity | air, which is | changed with a larger quantity of 


carbonic acid than is usual in country air, and also with small ‘quantities 
: of sulphurous and sulphuric acids, and with all the acid gases that 


result from the de > decomposition a city refuse, which are absorbed b 

‘ the water, it hes the | power of dissolving | the cement of the ; stone even 
x though in minute quantities, and, after a considerable period, renders — a 
2 a the stone so loose that after a time os will, flake and fall to powder, or — . 


become « disfigured. 4 As soon as this state of things was suspected, 


chemical examination. was made of fir five of the stones of the 
, : ehusth taken at random, ‘selecting how ever one, No. 1, which was 


The analyses 0 of these stones is given below. They. show that in the 


Weathered specimen a large « quantity of the binding material has been 
dissolved cont, leaving | the stone in a condition to be acted upon by all 
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‘No. 2. No. 
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Weathered 
an 


> 
to 
| side 
South side base 


‘Fresh unex- 
posed stone. 


Outside of No. 
between 4th a 


North side 
base an 
tween 6th 


7th buttresses. 


® 6th buttresses 


tresses. 
South 


> 

* 


Interior. 


8 


=! 


Magnesia. “0.80 30 
Carbonic acid, 

In all of these stones there i is « small amount of organic matter which 


gives a peculiar ‘smell w hen burned. In many of them no trace of — 


_ effervescence with acetic acid could be seen under the microscope, a and — 


after careful « dr ying in an air bath the t total amount of soluble material 


‘stone itself; ¢ that the decomposition has ome on in in all parts where th 


larity; that most of the stone in the: interior, orata certain ronan ed 4 : 


from the surface, i is in n about the same condition i in w hic h it was in the ¥ 


quarry; that the mere action of moisture, or wr of the air, , affects the stone Ps 
very slightly when there is only a vertical wall to be acted on. . The de- mi 


of the stone i is, thenefene, ow ing to causes which act from the outside 
- entirely, and it remains now to consider what willbe the best method of : 
adding: something from the outside of the church which will prevent 


further attack upon and consequent decomposition of the stone. if This is e, 
_ & matter of great importance, for, until the flaking of the stone, it was — 


always supposed that the stone of this church would not decompose. _ 


ware 
_ The greatest care was thought + to have been taken i in its selection, but ag 


— the investigation shows t ingredients of the sto 


one the best buildings of the country, from ‘the outside, hee que 


— 
— 
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"These analyses were made by . — 
mate hy B. Mackintosh, of the of Mine. * 


4 


“EGLESTON on DECAY OF BUILDING STONE. 


" - able ac solution of the problem, w hich, if not 8 soon 1 solved, will make most 


of the handsome edifices of N York 1 ruins in the course of a few 


‘The methods for the preservation an stone are, frst, ‘Properly in 
clined surfaces that will shed the water so that it cannot stand on - the 
surface; properly ‘undercut mouldings, so that the water cannot creep up 


under and remain so long | as to dissolve o out the binding material; ; hope 


a ing out the water as far as prsctionble, This must be done by wi water- 


a cortsiderable w ater, so that if the face ai 


foundation next the soil and its wie were asphalted, the water would not 


If tthe stone hes been  alveady acted 0 on, ond. is ‘be 
of the binding material, and 
water the acid gases in in 2 solution. ‘to nent the of 


Anything that forms a that i is impervi ious to ‘water, and can 

—_* made sufficiently liquid to penetrate the pores s and pittings | | of the 

will 1 answer the purpose. Bees-w wax or rosin dissolved i in any of 


their solvents, with or or without oil, have been used. a Boiled linseed ai, . 
ee which forms a gum, does very | well, and only slightly discolors the stone a 
fora a time. But all of these substances decompose after a few years, - 


and must be renewed. — Paraffin dissolved in boiled oil, and | put on hot, : 


rf i answers better, as as it is more effectual, ‘and a after r one 01 or two applications 
— 4 will fill the pores completely. : But no substance ce applied al after decay has : 


| begun is equal to a preventive, and no prev entive can preserve flat 


surfaces and projecting mouldings which are not undercut, from decay. 


Water- glass associated with a , bituminous substance, a preparation 


known as “Szerelmy’ 8 compound, was used on some of the interior 


ja 
— 
— 
proonneg, to speak, the foundations: piacing thin layer Of asphalt 
between the foundation stones and the vertical walls of the building 
i proper, 2 or 3 feet above the ground. This would prevent the slightly § § 
waters from the earth rising and decomposing the lower tiers of § 
tne g P g 
stones. Asphalting the fronts of the foundation walls themselves, 
— 
aa 
— a 4 
— 
— 
2 
q 
* All the decayed surfaces of the stohe of Trinity Church were recut in the summer of 1884. 


dilapidated condition not 


f the finials, but even of the fat of the showed 


thet it had not even been a palliative. = ve * 


About the year year 1868, the Vielle Monte gne Co., of Liege, introduced 


“the process of painting with water-glass and oxide of zinc. ‘This was 2 
applied to the railroad station at Liege, to of of 


zine an 
st 


werficially. The want of penetration, 
or careless application of the aterial, makes s the surface flake 


like all othe r paints, requires frequent re] 


Ransome’s process, which consists using water glass, with a sub- 
Al 


sequent application of some chloride, answers very well, but is @ very 


@ process, as as it requires that the stone should be entirely Te- 
faced, in order to clean it. ” ‘This, and the number of applications of the — 


silicate, and subsequent ‘application of the chloride, consumes so much 


time, and is so > expensiv e, that it cannot come int into general use. use. ». Itha has ssbeen — 
- applied satisfactorily to some small parts of t the Hi Houses of Parliament, 


but has been discontinued on account of its v ery great cost. ‘Thom same is 


substances, 


‘such, for the process of the Silicate Paint Co. “They are 


_ excellent in themselves; they can be put on W vith certainty, when use¢ 
with great care, and over ‘small surfaces; but they to be ap- 


plied to buildings | already constructed, they « her fe ail from the impos- 


sibility of applying them evenly on on large become entirely 
- impracticable on account of the expense. oh The p prineiple of most of these 


Processes i is correct, , and it is to ) be hoped | that some corporation will 


find it to bik s dvantage to have investigations made’ that w rill lead to 


- the discovery of some substance which is both cheap and of easy _ 


plication. Such substances undoubtedly exist, but they  Fequire to 
be sought for. Any process requires the formation of a 


union betwe een the s stone and thes substance applied, must be e put on in such | 2 


a way yas both to be certain of its penetration, so that the action w will ill not 
be superficial, and to that the compound ‘formed will ‘not only 
“become sufficiently indurated to withstand the weather, but sufficiently 
compact not only to resist the penetration of gas, | but also to prevent | 
absorption of moi to shed it cat once from its surface. 


= 
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Very few w natural stones even do this, : ea . the very a 


_ Siliceous is stones, or dense carbonates, which are very homogeneous. m8. a a 
| When oils, with or without paraffine a and sulphur, are used fo for water- 
stone, they should | always be applied while hot, as they 
then m much more e liquid, and, more effectual. is is better 


warmed the sun—that it is, either in the spring 


‘is very easy to distinguish the he surfaces of of that have b pa 


‘treated with oil, by observing them immediately after a shower, 
‘it will be seen that the stone becomes dry much more rapidly than that 
_ which has had no such application. The necessity of applying the oil 
once in two or three is one reason why: is so little used, 


Tt remains on the outside, onl does enter the pores 
the: stone, and when the gum gum is decomposed it is washed off the surface. % 
Another objection to painting the the stone is, that that t while adding considerably 

the of the for protecting ing the s stone, it adds 
_ whatever to the efficiency « of the. oil, and it is very apt to fill up the fine 
tracery that may be upon on the surface of the the stone. It is, therefore, entirely 
ae "unnecessary, end in in come cases may be i injurious, bad preventing the e pene- 
& tration of the material which is designed to water- proof the: stone. When 
oil is heated with an excess of sulphur it dissolves about 13 per cent. of it, 
More of it will Ginsaive & in hot oil, but the be sulphur ery crystallizes out apes, 
oon, and when there is a large excess of it, a partial decomposition — 
takes place, and and sulphureted hydrogen is formed. ‘The w ith ith the 
proper amount sulphur, becomes thick and like molasses, ‘but 
i when heated is quite thin. ‘a "When the stone is coated with this material — 
fl _ it penetrates below the surface, and as the sulphur is simply in in solution, — 
‘ when th the gum of the oil decomposes it leaves the sulphur still in the 


pores. — Pwo ¢ or three applications of such a material as this would pre- 


vent any further decomposition. 1 It has been found by experiments 


mate on the | Houses of Parliament that sulphur applied in some ouch: 

— — has been the yal thing that has arrested decomposition in that soft, 
porous stone; but is p atio 


ot prevented the —— of 


» 
OF the Ming them up temporarily, so that the water 
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ON DECAY OF BUILDING STONE. 


It 20 per of ‘paraffine he led to oil containing the sulphur 

in solution, : it ; thickens when cold into a semi- -solid buttery mass, butt Tis 

fluid when hot. Such a a preparation as this, applied hot to the stone, 
-_ gives another element with the sulphur, which does not decompose, vot 


fill the pores of the stone. . There e may hes cases in 1 which it is ‘eundsing 


with hot oll may used. The came same is is true this 


as of the other mentioned. The paraffine, which i is, like the 


“after -the » decomposition of t the organic matter r of th the oil has taken place, 
nd one or two coatings s of such ‘material as this will waterproof the: stone © ay 


Ak 


ntirely and prevent furthe her disintegration. , Other preparations of parat- = ; 


a. 


- tine may | bee used to advantage, but those which i involve heating the oounines 


of the : stone e should be avoided. It has that these prepare. 


id 


nearly uniform over the nian surface. In some cases the s stones, s, after 3 


i, a off the excess of the material from the surface. Iti is generally, re 


h, ever, undesirable to do anything to the stone after the liquid bas been 7 4 
as th su urface will very soon become by the 
It has ie obj cted to the use of oils that they would interfere w wit th - 


ec 
the adhesion mn of the mortar in the stone, if the stone were treated befo 


eens the application of t the oil, have’ been washed with ammonia salts to take ~ 


it was pat i into the building. In actual | practice, how fever, this does not pp ——- 3 


om to the case. ‘The is not only more thoroughly protected 
“trom moisture upon all sides, for in stone buildings : in countries 


thes moisture is as much to be feared on the inside as on the outside, butit — * 

does not seem in any ned to deleteriously a affect the binding power of the | 


- mortar. It acts advantageously both on the stone and the mortar, and does ie 
influence of the chemical take either by ac- 


ancients, for they used oil in mortars anid cements to a considerable ex. 


tent. When it is desirable to use soft and very porous stones for build- 


ing purposes, the stone should be dipped either into boiling oil or some = = 


— 
— 
ably because it was not applied hot, and was put on when the stone was 
a 
a 
4 
oz — 


such | preparation as > thi, before being ‘ati into he building, so that its 


shows thes the stone be unless this is 


thins done 
* 


- adhesion ¢ ot the mortar if done either before or after it is pet into “<7 


hh the experiments made in the 1861, Ww van an 


entire surface may be coated. The the last thirty years 


sign of lamination or ‘This was done ‘the use of 


_thoroughl oiled alone, applied w vith rush during ¢ ther > warmest of 


mentioned had been used. application of such does 4 

not change the surface of the aan. ‘It was used almost exclusively — 
to porous sandstones. It seems to form a sort of cement, similar the 
organic binding ‘material which is so. common in many of the brown 


but with the limestones this is has: not been found useful to 


any extent. It requires renewal 80 often, and changes # the color of the 


atone so unpleasantly, that ‘it has not been found of service with th 
- 


stones. Such preparations: are, however, of no use on stones of what- 


ever character, where the decay has" been produced by. disintegration 
ae = “caused by the ‘unequal ex expansion and contraction of the minerals form- 


oe ing the stone. Such disintegration is ) very slow in most stones. Tt has 


taken thousands of ‘years to produce it it in the granites of the obelisks ot 
hot countries. s. It appe appears to be m more rapid in cold o ones; | but it takes - 
oon with unerring certainty and regularity i in all those rocks w here the 
minerals | composing them have. different rates of exyension and con- 
tention. Here, a as in the other c case, , there are ‘cay ities, but the filling 
them a does not arrest the decay, t because it does not attack the cause. 
a! N will arrest such decay, one no other decay in stone, except 
caused by the air and water can be prevented by any appli- 
cation to to its outside. it is therefore useless to attempt th the preserva- — 


tion of of such rocks as “granite, since the unequal expansion of of the 
a 


They “are applicable only to stones from which something has 
been dissolve ed out, leaving cay vities es which can he filled inom outside. 
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acked, and i is effectual in those stones s only ‘which are either po porous by 
nature, or have become the ‘solution ‘Parts of their i 


cles which compose ‘the stone, however this movement. may be produced. 


ethod of protecting tl the surface of the stone of the Houses of 


a on ‘Parliament: has, so far, been successful, except where sulphur was dis- 
a ‘ed and added to the outside of the s stone, and this rendered the stone 


for a very long time water- proof. It had remained so for twenty years — 


up to August, 1884, Ww I examined ; it, found that it had b begun to 


laminate, the part of the stone containing the . sulphur peeling offinthin 


— scales. ‘The experience of the repairs at the Ho House | of Commons is that 


most of the substances which are supposed to be useful, are absolutely 
Fe useless, if not positiv ely harmful to that stone; that almost the only o1 
beens has been sulph 
that: has in all these the be p bur 


in n place those re remov had Deen treated | on all their sis six 


In that case the stone has been preserve ed, but how long it will remain fe 


it is is impossible tot tell. 


Wi h dolomite, in in which there is a lange © excess of lime, the only 


“safety i is to prevent the action of the « “carbonic ‘acid contained i in the a air 
proofing the outside of the stone. This can be less success- 
fully accomplished, because, as the surfaces of attack are comparatively 
large, the action is from the ‘outside, and but little pitting takes 28 place, wae p: 
the interlacing of of the the crystals makes cavities that never can penetrate 
far into the stone. _ Any ¢ coating applied to the outside will therefore love be 
“likely: to wear off after a time, and thus eave e fresh 1 surfaces of cn 


-whie h do not at once become v visible, as the surface is constantly kept _ 


all the e experim 


“an glass, upon ‘any building stones, ‘except those in which lime i 


- magnesia were principal elements, have met with signal failure. The 


se of water- -glass or siliceous material amounts to nothing on on siliceous — : 
rocks. The silica becomes decomposed bye exposure e to the a: air, and 
a sand | w hich drops off, and the caustic alkali is washed out, or remains _ 


behind to help ¢ the disintegration, The onl things which have 


‘out of some of the constituents of the stone to beat- __ 
, 
@ 
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necesstal hovel been those that prevented the attack of the acid gases 


ate from the surface or sides of the stone. __ 


Water- proofing is best done by a compound of paraffine, sulphar, 


d oil, applied to the stones before they are put ix into the building, a 


vi 
made cold, the preen rving 1g material sinks but a little way 


the stone is eated from the < outside, with the intent to 


e of ston 
e is great one will cutter» more from 


m position of brownstone if the ma- 


terial ‘carefally sslocted. Every building that I have examined 

- teins some stones that would last indefinitely, and if only those were 


- selected from the quarry whi hich have a siliceous cement, ther re woul ald aa 


no necessit for water- proofin and we should not have the rapi 
ap 


ite 
| destruc ction in beautiful structures which is so common in countries 
used. , The same kind of external water- =| 4 


a = must also be done u on dolomite and limestone, but efforts i in this direc- 4 


tion have been less than upon sandstones, Many mm methods 


or the prevention of disintegration hay ve 


success, but with absolute failure. 
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stones the sulphur is not necessary. Oil, with a certain 
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‘on with ‘kind mortar proposed to lay uy up ‘hin ofled 


Prof. —I think any kind of mortar ‘would answer ‘per- 


fectly the n of oil is not abe as to prevent the 


Prof. Earastos. Quite possible. It is is however, that 
“building stone ‘should be tempered before it is used, that is left Jong 


nough in the air to lose its « quarry-water. ey 


F. M. Am. Soe. 0. E. —I would like to ask whether soak- 


ing with oil in this way ‘might ‘not interfere with the e adhesion of the 


Prof. Eeueston.—I think not. fe if 


Mr. ‘Crozs. —Certainly it would not prevent the binding. of the 
itself, but it seems ‘me that it would. prevent | that adhesion 


mortar to the stone which is essential | to the m mortar and tl the sto eons be- 
Mr. Fuaga Fuaae.- —Would not this treatment of the stone ¥ with the oil il dis- 


Prof. Eaueston.—There is a difference in the absorption of the oil, 
and th this ‘causes a slight difference i in color, W which, however, disappears a 7 
ina few mdntha. it If the stone is allowed to remain in oil or in fatty 
material for months until thoroughly impregnated, it might prevent ad- 
- hesion of the mortar for a while; but the object is not pigeon the stone 
cmon but it only | to allow it to take up so much oil as to prevent the — 
» action of the w water from the outside and ‘the dampness from the inside. 
= lly the oil is applied after the building is s erected, but it is 
better to water- proof each before iti is used. 
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the center of the stone than to come out and affect the mortar. 
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DISCUSSION | ON DECAY OF BUILDING STON E. 


it: is to replace the m 


% substance, which will fill the pores so left and prevent unt me sa 


building which exposure, he foun 


Prof. —There no doubt that the smooth ‘dressing of 


stone which has already begun. to decompose will make the decom posi- 
tion on rapidly. AS to your other point, the direction of f the 
whi ic 


ic 
prevailing Ww rind, ch ragulates the storms, is the one which affects the — 4 


Mr. that question because ‘row. 


‘bridge, in an evans he made, said that a southerly exp exposure was as the am 
one that the stone the m most. He ont it to the 


certain amount of freezing, and when the stone is ready to 
that will hasten it. I have not followed the researches of Profane g 
Trowbridge, bat o on the side 0 of prevailing winds, stone always decom- 


Poses most ‘rapidly. Decomposition also takes place on 


Beaty Church occasionally a stone, a 
Now, what is the n to that 
stone, is it 


Prof. _—There a are different | ren 


decomposition has nearly 


redress them, and they were removed 


new ‘stones put in their place. Tt is true that stones when they 


once: dressed and have lost their  quarry-wi water, and ‘then redressed, will 
not stand as ns as stones which first dressed and then got aps 


_ quarry s the most notable example of this is to be 


—— | 
— 
— 
= Egleston on which side of the that prevanis among masons 
= decay, and whether the of shone canees it to be affec 
— is correct, that the smooth dressing 
— 
— 
— 
— 
— | 
— 
+5 f moictnre in the winter time. there w 
— 
by* They have removed 
It is the same kind of _ 
cinds of stone in Trinity 
t it was not carried ont 
—— he cause of ¢ eating it. The 
— 
— 
— 
| 
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seen in Paris, where the building is easily planed and 

sawed when first taken from the quarry; but if left long, the plane and 

the .e chisel are re of little use, and they have to be cut as any y other stone. 16. 


Ww 


OBERLIN M. Am. Soc. Cc. E. —I 1 would like to know whether 


apy experiments hove been made by dissolving paraffine oils, which 


and thenefeve get rid of ‘te of 


N.—A been ma 
paraffine like compounds. They have had various results, ac 
ending to the way the paraffine is applied. of them heat the 
stone in order to make the paraffine enter deeply i into o it. This This is is ex- 
wes stone has commenced | to decompose, 


‘ sion when the stone is already weak, W hen the stone i is : not ; heated poate 


bs 
pe e ‘must be hot, and the a application is “Dest made i in warm, wd 


practically indestructible, and, ‘if properly applied, it fills the pores and 
‘prevents any subsequent decomposition by the action of the weather. 


My in studying the effect | of abrasion, was to take o ordinary 


a and my belief was that Manel could be worn away w ith ordinary 


No substance known has” the efficiency of f paraffine. It is ps 


‘flour; but since my first experiments were made, I have nev er found any 
one who would allow me to use the sand-blast sufficiently long to test > 


I know that this incredible, but when the ‘differ- 
ence in between sea-sand and the diamond is taken 


accoun 
ral diamond “i been worn away, it is quite credible ‘that stone could be 

f a worn away with or ordinary street dust, and much softer material. - Stree 


dust is much harder than sand in ordinary | sand-blast. have 


and if any you who live New York will your 


blinds after a rain storm, , preceded by h high wind, you will. will find them 
‘covered with m minute particles of sharp, quartz sand, There is alsoan 
considerable amount of iron filings besides organic dust. 
_ firmly that if flour is hurled at stone with h sufficiently great v eat velocity, in 
a8 time easily named it t will wear away the hardest of stone, or even the 

PERCIVAL ROBERTS, M. Am. Soe. —I recollect a few year 


DN ON DECAY OF BUILDING STONE. 
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ON DECAY 


tion with the electric 1 


which were warranted not to wear away, were nears with hard consi 


the brushes with soft. It wi was found, however, that ‘the comminut- 
wore ‘away fast. It was ‘then reversed; the comminutors 


seems be that with heed in connection, @ew wear 
em of the hard is greater than that of the soft. ae ein. +4 


‘Prof. Easton. - —I can in explain Mr. Roberts’ assertion. Any clock 
maker sees these facts. ” The diamond saw is made of of the softest copper 

; that a be had. The fact o of this wearing and cutting action can be seen 

in any ny y old. fashioned clock ck escapement. The The soft brass of which the 


wheel is made, remains unacted ‘on for 125 or 130 30 


ears, but the hard steel ‘of the i into s sal » far as ire 


an examination of ac a clock of of this the es which 
y 


was s deeply worn and the pinions ns of wheel almost entirel; 
oa as cut through. - The fact is that the the soft material with the gummy oil: 4 


. holds the hard dust, as the copper of the diamond saw holds the Sinead 


dust, and in w ay grinds: into the surface sometimes as far as 0 


FREDERICK Brooks, M. Am. Soc. C. E.—I would like to inquires what 
was the intention in painting the stone of the Capitol at Washington? a 


_ Prof. Eatestox. —I think the original i intention was only to make the 
old part agree with the new in but | the o oil of the Paint ‘preserved 


the stone from the action of the ai 


Fuace =" was in a bad condition that it was s the ones way 
MENDES CoHEN, C. E.—I . have always heard that the 


x first painting was done to the Capitol to restore the white surfaces that 


Cuarues B. Brus, M. Am. Soc. 0. E.- —Does not this treatment 
shut. ead quarry -water in the stone, and is it not therefore i to 


Eourstox, —The ) quarry- “water is very emall in amount in the 


— 

— 
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fore. It has also been found that 4 

— 

— 

— 

— 

— 


stones were treated on their six faces, they woul 
they | hed not ‘been treated, in the course of a very short time. « The « he only 


DECAY OF BUILDING STONE 
"perience in | the English Houses of Parliament nt was, that that unless the 
flake and chip, as if 


Applicatic made to th 


thing that stood is sulphur. 


sulphur lasted 30 or 40° years” and has” just begun to flake. 


Paraffine has, ‘my boom on the of 


Commons. any the p processes that require re the stone to be heated 


were used on that building they would do great harm. 
q se H. Brxsy, M. Am. Soc. 0. E.—I) would like to know the effect of 


a applying boiled linseed nseed oil to marbles and other light mate 


‘Prof. —It is not generally ay applied to ‘marbles at all. Its 
object is to > replace something dissolved out. It derkens stones Ba: 
P. M. Am. Soe. C. E.. —The Pittsburgh Court Howe, 


signs of decay water and the — But 
large an amount of quarry- -water r that it i is s impos- 
er to use it fresh om the quarry. | The stone , has to be ‘seasoned 


from four tos six x month. If the stone is laid into the .e work direct from. 


| tfiminete that moisture before the remedy against decay i is er ce 
Prof. Ecueston.—It certainly should. That amount is 


Mr. ‘Broker. —Then there i is another saz sandstone 01 on the. Ohio Ris River, 


= reated wit 4, 

_ 
é = were doric, I think, were painted immediately after they were erected. — 
 @ The result was a scaling of one-eighth to three-sixteenths of an inch off —— even 
4 a the whole surface of the columns, leaving them rough. I was not in am a pe 
4 Pittsburgh at the time the painting was done. The firsttimeIsawthe 
Court House was some five or six years afterwards. The stone-mason 
ee — who erected it was a contractor under me in the construction of a * q | ery 
“eg the Fort Wayne road, and stated, as his opinion, that the cause of = 2 a ae 
the scaling was that the paint was put on before the evaporation of the 
a quarry-water. 2 I do not know as to his theory being correct, but I do aa a 
_know as to the scaling, and that the paint was put on immediately after 
Mr. Becxer.—This stone is found inthe neighborhood of Pittsburgh. | 
ia 
= taining such a large amount of water should have some treatment ae a oy 

WHICH Is y coe 1th Coal-tar that — 


ON ‘OF ‘BUILDING STONE. 


the stone. ‘Now! how would that have to be treated? 
Prof. Eouesrox.- should not ‘think such a a ‘needed 


a ny treatment at all. 4 ‘Iti is already treated. If such a stone is ‘examin-, 


ee with a microscope, ‘it would be teunit full of petroleum, and ‘its com- 


pounds, which are the mos ‘most servi iceable- materials to ‘fill the cavities 


“constitutes the only a for 1 many -yailroad p purposes 
| _ in that vicinity. Mm We are using it, » with th the preceation of seasoning ai 


always for several months before we attempt to put itina building. 
Eeueston.—I should think such ch a Stone as as that 


tainly have to be Does that stone decompose? 


Mr. Becker.—It- from the e surface, but so slightly that 


it would not be injurious in rough structures, ‘such as railroad bridge 

3 Prof. EGLEsTON. —It would be impossible to tell how to treat it with- 
ont snaking a very careful examination to begin with. 


C. E.—Have you I had occasion to note 


= 


4 


—Beton is stone. . Bri is very largely 
_ ‘porous, and the stains 1s which come upon bricks at the ‘Present time are 


irely preventible. These stains are the result of a a cheap method of 


_ aking th the lime and cement which are now used. Mi Good brick and 
cotta no protection, | bat ovation would p 


Mr. —Will Professor Egleston it that since 


eaxbonic acid is united chemically with the lime i in limestone, the lime a 
can b be attacked ‘and disintegrated by water containing the sai same acid? | 


a ‘Prof. Some. —All carbonates a are more or less soluble i in an excess. 


The tombstone ) WAS OF originally polished, 


calcite has been mai out, leaving dolomite c1 erystals protruding, an ond a 


ag 
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| q dilute. When very concentrated they do not dissolve so easily. When 
_————/ 8=€686©§©6©6—Sslimesstone and dolomite occur together, one or the other of the two is apt. iS 
: = = to be in larger crystals. In the case of the marble altar tombstone in 

— 

— 


nn ON DECAY OF BUILDING STONE. 


ugh that the slab looks as if it: hed 1 never er been = 


mee ro 


is s built the dolomite and i 


exposed to weather a tong: 


“tacked Where the q quarry stone is 


be = M. Am. Soc. E . E.—Daring my connection with the 


; oe ta both cases 1 it 1 was found that tl the : action of the tool left a thin hin skin of in of 


njured surface, which the frst, winter's exposure would remove. 
also that the stone-cutters use the word “stunned ” ” to designate a 
this injured surface. workmen n engaged in polishing granite, 
and other stones susceptible of polish, recognize this | effect of the tool, 


and know a good ‘polish is impossible ‘until the whole depth of. 
“stunned material” has been rubbed d 
3 Mr. Face. —This skin that comes off, does ‘it apply to the 


dressed or or the hand- dressed, « or to both? ty 


Jonson. —To both. Tn this connection I would als also state that 
made a series of tests upon the transv. erse strength ‘and modulus of 


ticity of various building stones. Among the | samples tested wer 


“large number of oolitic limestones, : some of which had been dressed by 


and some had been sawed. found in all cases that both the 
strength and ‘elasticity had been impaired by the tool dressing, so that 
= the modulus of transverse rupture and the modulus of f elasticity were 
reduced to two- thirds of the corresponding moduli ‘of sawed 


Me. Coutanewoon. bp. — That would seem to show that the results i in our 


i books, 1 which have been produced by bead finely dressed specimens, — 
a must be ‘Very ina inaccurate if they are are only two-thirds of the : strength they. y 
really possess, when a there is no injury to the surface. 


' Mr. Crozs.—I regret | to say that I do not thoroughly understand yet 
the distinction between theory and practice a as g given by Professor gle a 
ston . These stones which have been preserved | by various methods, or 


ae 
which have not been preserved a at all, and which have shown 


—— 
4 
th the 18 Tiled Witt crystals il 
4 agnesia, which is not at- q 
4 
& 
4 
A — 
— 
— 
j 
— 
= 


e I may be mistaken, but I have not understood that a 


stones which have been saturated on all sides with such a Preparation 
- the Professor recommends have been tested for wad length of time, 


sses lied 
: ‘plied to the faces of walls, and have either failed or r succeeded, as as the : : 
ease ms may be, in the ins instances mentioned. Now, if I ‘am correct i in this a 


that this process a saturation the stone or impregua 


ae _masonry, I cannot understand how a good bo bond | can be procured in 
masonry » in which ‘e mortar mixed with water is brought i in contact 


: with the oily #1 surface of the stone. I do not believe that it will t take koa 
good bond in the absence of evidence to the contrary. Sale a 


Prof. Eaugston.—I thought I had made that plain. I intended to 
state it, that the only | successful experiments on on the Houses of Parliae 4 


ent were those in which a preserving ma material had been applied,to the 


a whole surface of the stone, that is all the aurines a each ¢ “ the si 
sides, The only exception was of those treated with sulphur. Stones 


a iS have st stood for 20 years, the surface of which | only was impregnated with 
sulphur, but these have just commenced to in duly! last. very 


Hpenprante was put into the Houses « 
been treated on all its has failed. 1 


surfaces have failed. al, 4 


Me. Cnons.—Have those stones been treated with oil 
have w with oil and substance: 


— 


—We have 


would come out on ‘So fare as my y experience goes, the only 


thing: be to stone is ) to action of 


— 
3 
= 
— 
— a 
val 
k 
q 
— 
| —I understood that the stones were treated with sulphur. 
in Ohio variety of sandstone which is 
e the effectof 
ith saltpetre. What would be the effect 
= the combination of oil with salt bet I thinkin 
‘Prof. Eotzsron.—I do not know, never having tried it, bu 
— ‘ 
— 
= has got tocome out. I do not 


of the e atmosphere working from the outside in. Of course. it be 
gi» possible | to > preserve the stone by taking all out, but 


D. J. An. Soe. C. E—This imy of stone 
with oils or things of that nature I think is s nothing new. I think that 
"Vitruvius, or some of the ancient writers, , describes processes for th by. 


of cement by which there introduced | hog’s lard or 


x “the and, judging from m a specimen of the mortar, it bears 
- conclusively that such matter was used, as the oily substance has 
vanished, and it is ‘porous now, more open probably than the ordinary 
brick. substances might, in my opinion, have a temporary effect 
tow ards enting disintegratio As to permanent ffect, I think the 
question is yet to be solved. 
G. Daruieroy, Jun. Am. | 
there are any date | to show the cost. t of the application of any of the 
a _ preservatives to any of the stone, ‘and the question arises whether it 
would not be cheaper in the first place to pick a stone that would 
‘stand the atmospheric influences rather than to take a stone , that 


would not and wend it with substances top reserve it. a E 


~ stone that will stand and reject absolutely « every stone that will not ei 


stand, and if that was done no sandstones would be used except those 


having a siliceous binding. It is moreover quite possible to fill the as 


pores of a stone, whether they were in the stone in the q quarry or ham 
been formed by atmospheric influences, by sulphur or paraffine, 
Rags 
will not decompose. Oil is a @ palliative and arrests 


temporarily, but when the which it forms is “decomposed, the 
on will commence again. 
“poses, that is, c on the outside of the atone, not prevent | moisture 
_ leaving it. it. . If that is a , fact, it relieves my mind from the emba wef 


ment of the possibility of confining the moisture in the stone, 


Eourstox. did not say moisture. ‘The nitre is nitrate of 


The ordinary nitrate of co: commer ce is nitrate 


of potash, an and | there i is oe youn that will ieee its coming out if th ee 
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0 on DECAY OF OF BUILDING ‘STON 


4 
ww that form it are in the stone ‘itself, The 1 nitrates, when they 


nde, will form a soap with the oil, which will be washed aw ay. i = Be 
‘Brus. —It seems to me very undesirable to do anything to stone 


that would be the same as painting would be to wood. you confine 4 
/ the moisture it wot ould have a serious effect, and severe cold would break 


Bis Mr. Dagurnerox.- —I would like to know w what would be the | effect of a 


aa _ extreme heat upon stone treated with any of those preservatives. If 4 


™ with linseed oil, wo uld not the heat of our extreme summers have the » G 


offect of bringing the oil out 
experiments have been meds, I think 


exactly the The higher t the heat the further the oil | pene- 


_ trates the stone, Experiments have been made up to al 250 | degrees; 


not much higher than that, because a higher heat injure the 


= rq stone, but the penetration is is greater as t the heat upon | the stone is ishigher, — 


= Small } pieces of stone can be treated in the laboratory t to this tempe 
ture, or even even above it, without much danger. W hen large Pieces are 


on the by am means of thrown on nit, the heat must 


always howe very great. | ‘When the stone is heated by the sun, the temper- a 
Le 4 ature will often be very high without danger to the stone, and as Ons 
eat has penetrated under such circumstances to a considerable pay ; 
the penetration will be | greater than is possible by artificial 


 O. J. H. W OODBURY, M. Am. Soc. C. E.—I have had some experience — 
in the protection of a brick building by the use of ‘a plaster composed : 
- of bo boiled linseed oi oil mixed with sand colored with red lead, the color 
after, drying being « similar to the Portland sandstone. we coat of boiled 
“4 linseed oil was laid upon the brick wall before the mixture was applied. ‘1 


Ac covering of material a has resisted | the w for. 


grave- stones throughout Ser ‘There is quite a difference 
in the ability of the product of various quarries to to resist the e weather. 
: oe number of years ago > there: was a slate quarry in the southern ne 3 
of New Hampshire whieh was held i in om: 


— 


— 

bi 

a 

— i 

— 

— 

— 

— q 

— 

L 

4 

i 

— 

— | 


_ attested thele quality through | many years, have been appropriated, 


F wea ther, while the production of other slate quarries would wear ee 


N Jon The oldest headstone in n this country, as far as ts have any means aie 


¥ knowing, ‘is in the Western buryi ing ground at Lynn, Mass., and ee 


back to 1628. still smooth and perfectly legible. It n may be ar an’ 


get of vandalism, but some of these ancient headstones, which have 


redressed, and ‘used as tablets in more pretentious 


Mr. Crozs. a statement one of the Ni New York a few 


months ago to the , effect that the surface e of the obelisk in Central ~ 


disintegrating from the effects of this climate. 


Prof. —That is true, and the disintegration is very rapid, 
from. a different nt cause altogether. ‘That stone has been « exposed for 
integration of the granite had already ‘commenced before it came here. 


had probably stood for two years, and would probably have 


disintegrated in two thousand years more; but it has been brought to m 


very worst in the world, I su excey t Boston, and 


_ now any one who goes there after a storm c can 1 pick up as many pieces” 
he and can very easily. I have very little hesitation 


years it w iN ill probably be be beyond repair. 


—How large pieces are coming off ? 


Prof. Easton. the size of a pea to pieces several 


Mr. Orozs.—On which side of the obelisk ? 


Prof. ‘all directions. does not seem to be trom 
“one side 

Woodbury I hens ‘the same e experience in in roofing. The 


- of my country place twenty } years ago was covered with the best — 


5 fo I could get from the Canaan quarry. I examined that slate lately 


and found some of it ‘no better than clay. 4 Some of it had all gone to . 
pieces so so that you could crumble it in your fingers. I have 1 not co | 
-Pleted my it investigation in in regard to the causes of disintegration of 
ate. I simply wish to call the attention of engineers to the fact that 


ater-proofing alone will ‘arrest the Process of 
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DISCUSSION ON DECAY OF BUILDING ST STON - 


: —Th ffect of the at here © 
Captain | Brssy.- -The effect of the atmosphere upon gran 


a other stones is shown very clearly denis on iron at Fort Macon, North Caro- 


Tina, . The fort is of old- -style masonry, inside of brick. Many o of those 


: bricks that come | out wt the face of the wall as headers are so soft that 
you can stick in a lead “pencil almost anywhere and ‘take out ‘half an 


inch of the brick. | ‘The iron balustrade going up the side of the stage - 


the upper parade on the side where the southeast winds can stri strike it 


to 
~ has wasted away under that wind, so so that i iron bars one inh square in 


vertical position | have been completely rusted through. Some of 


hem are standing ¢ there ‘now in thet way. be The middle part of the ~ 


of the atmosphere to show ' that that | is the el the bars have disap- 


peared, and not from any other cause. 


— 
— | 
| 4 
— 
— 
a 
is gone, and you can see the evidence 
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_INSTITUTED 1852, 
AN ISA CTIONS. 
Nore.—This Society is not responsible, as a body, for the facts and opinions advanced in any 


OF PROGRESS BY THE COMMITTEE ON 


‘THE: COMPRESS SIVE STRENGTH OF CEMENTS 3 4 
= 
| 


AND THE COMPRESSION OF — 
SETTLEMENT TOF MASONRY. 
AT THE ‘ConvENTION ar Dexver, Coro. Jour 


1886, 


oo Committee beg leave to submit 
_ . progress in their work. For various reasons, 


the work thus far done has been only that of accurate 

investigations, ‘and a discussion between the Member: 
ont methods, w it is hoped will bear in the future. re. 


them, | as they have not been brought prominen ae to notice heretofore. = 7 aa 4 


given a series of at the on building» 


stones, cast and wrought-iron, bricks and brick piers set in cement- 


_ Asto the specimens of stone tached, the com en n is not given; they F — 


io 
results, since they 


— 
_— 
gq im 
— 
unnecessary to enumerate, 
‘a 
Ee 


ORT ON COMPRESS! ON OF CEMENT. 


end to show t rat arge “a imens ve eater roportionate stre 
than smaller ones, the results being higher then ordinary. — cs 


F From pamphlet of “ Mechanical Tests of Building Material made at the  Wotal 
town Arsenal by the United States Ordnance Department “at the request 4 


Commissioners for the Erection: of the Philadelphia ‘Public Buildings, 


in 


ressu 
area, in 


Inch, 
Square Inches, 


Direction of 
Total Load Applied. 
Crushing Force on a 
Square 
Ibs. Avoirdupois. 
Sectional 


| 


.87|Burst into fragments .. 

.16 Slight flaking on one face 
Without apparent injury ..... 
05 “ 


.93 Flaked off along one edge ...... 
767000) 21700 | 35.34'Crushed suddenly.... 
466 300 11470 0.64|Failed 
39.63 Uitimate strength. 


434 10 940 


Dove-coLoRED 
531 200 18 400 39. 65 timate 
| 9870 


528 700) 12 810 
70 300, 13 610 
256 000) 6 510 
199 & 199 500) 4 860 
160 000 3940 | 40.06 Bearings imperfect..........++s+0ees 
-| 305000) 7680 | 39.68 Ultimate 
Bed.......| 485 400) 10400 | 41.90 
391 800) 9 795 40.000 
351000) 8710 40.30 4“ 
672 16 280 | 41.28 Fractured with loud report. 
493 500, 12 420 strength .. 


— 
a 
— 
— 
— 
— 
— | 
= 
Lee, Mass........../Blue ...|End onl 20 504 — 
— & B./End.......| 800 000) 22 860 | 94 
ite..| 800 000) 22 820 | “loses 
= Montgomery Co. Pa.|Blue...| ‘los 
— 
ses 


MPRESSION OF CEMEN 


Crushing Force, 
in Pounds per 
Square Inch, 
Area of Sample 
Number of Ex- 
periment. 


a 


32 
so 


-07|Failed rapidly near close of test.....- 

210 .00| Ultimate strength.......... 

8310 | 31.39\Failed by breaking 

540 -53|Ultimate strength 2589 
18 690 .63|Failed suddenly at very end of test.. 

10 970 .57|Ultimate strength ... 

20 830 

11 150 4 
11650 
256 500 ae 770 
304 000) 9 050 

ee 243 7210 | 33.70 


Oblique fracture. Sides swelled 


Fractured into twenty-five 


in Pounds per 
4 Square Inch. 


< z 
3 
3 4 
a 


Area of Sample 
in Inches. 


Solid cylinder... 
Open cylinder. 6” .001 


I 


Total I 


A 


in Pounds per 
Square Inch. 


Area of Sample 
inInches. 


Crushing Force, 


Flanges buckled outwards .........+- 


Web and flanges buckled 
— 


“75 three across the grain, but 
8 
— 


— ard... |Ma | 388 600 — 
Dobbins ........... | Harc 4 4 
4 
— 
a. a _, & a 
501 000 | 60 360 
| 566 000 | 68 190 
— 
+ T-beam .....| 7.08] 6.008 | 282 00 | 34 310 | 6.5 
582 ain, and 


Of the marble from ‘Montgomery Counts, the strength 
Of limestone from Conshohocken, Pa. the strength on bed 
16 340,andonend 14090 pounds, 
_ Limestone from Indiana gave on end 7 190 to 8 530 penie and on 


7776 to 10620pounds. 
Vermont dove-colored marble end 9 870, on bed 13 400 


Sandstone from Saieendstown, Pa., 12 810 on bed and 13 610 on x 
Sand tones from Ohio, 5 specimens on end gave an average of 8 711, 
varying rom 3 940 to 16 280 pounds, and 5 on bed gave 9 012 pounds, 
varying from 6 510 to 12 400 pounds. ‘ Some of the specimens began 
bricks, hard- burned, machine- made Philadelphia bricks crushed 
at (in| ‘full size) | 5 540 pounds” to 11 720 pounds per ‘Square inch, the 
average of six being 8 197 pounds, and the lowest pressure at which — 
there was any sign of failure was about 3000 pounds. 
go Of machine- made pressed Philadelphia brick, the — 


pounds, and the lowest pressure at first failure 2 500 pounds. | 
Of hand-made Philadelphia bricks the e strengths were 10 970 
i to 20 830 pounds per square inch, the average of five being 14658, 


oe The remainder of the experiments were on brick piers, five weit 
=o and one and a half bricks square, Sane seer and laid in 


=f 


The cement-mortar consisted of Rosedale (V alley 


brand) to 2 parts sharp bars sand.” The lime- mortar of 1 part ‘ ‘Cedar ; 
from Chester County, Pa., 4 parts of same sand. The 
piers were all a week short of months’ als, set in air. 


4 
| 
[= 
| 
— 
q 
— 
Asolid cylinder of cast-iron 3 inches in diameter and 6 inches long, 
erushed at 60 360 pounds per square inch. Hollow cylinders of seme 
a sss Jength and area of section, 4} inches in diameter, failed at 68 190 pounds, - 
ae a and 83 inches diameter at 79 230 pounds, the limit of clasticity being 
Rolled I beams 7 to 15 inches, in 6-inch lengths, failed by buckling 
about 54 000 pounds, with elastic limit in one case of 10 000 pounds, 
bat yet not increasing perceptibly up to 28 000, and in the others 
— 
— = 
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REPORT ON COMPRESSION OF CEMEN 
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on COMPRESSION OF CEMENT. 


of six piers in ‘the first snapping were” 
heard with a pressure on specimens of 499 to 1070 pounds per square 
inch, the average of all being 735 pounds. 
_ The first perceptible crack occurred with 848 pounds seus press- 
ure, and the average crushing strength was 1360 pounds. 
The first perceptible permanent set was measured * 302 to 320 = 
- pounds pressure, this 1 being 50 000 pounds on specimen, , at which ti time a 
the total compression was 0.0165 to 0.0280 inch on 123 inches, or an aver- 
= on all of 0.0216 inch, giving a co-efficient of compression of 0.00054 _ 
per 100 pounds of applied weight. The compression continued quite - 
uniform up to the time when the fi first snapping sounds were heard, at . 
4 which time the av erage of all gave a ‘coefficient slightly less, or 0.000495. a 
100 pounds, after which itincreased. 
Of the six piers set in cement, the first permanent set was at 296 to 
Mes oa 320 pounds, with an average of 31} pounds. The total compression : 
a under this pressure was from 0.0150 inch to 0.0230 inch, with an av erage 
ae of 0.0178 inch and an average coefficient of 0.00045. The first snapping _ 
ae sounds were heard at 627 to 1845 pounds, with an average ees 1 300 


and a an n average coefficient of compression ¢ of 0. 0003. a a 


A the bricks. This is also shown by the greater amount of compression _ 
of the specimens set in lime-mortar. 
first perceptible crack occurred under loads from 960 to 2070 

* pounds, with an average of 1 466 pounds per square inch. ut eS 

Professor Swain and and Captain ‘Maclay, of of | the Committee, have | 

translations from the German of some interesting ing results s obtained 

by Professor Bauschinger, of Manich. These we were published in 
Mittheilungen m aus de dem Mechanisch- Technischen Laboratorium, 
Kenigl. technischen Hochschule i in Munchen.” (Heft. VIL) 


flexure, adhesion, behavior during setting, etc. They w were made on 
seven d different brands of Portland « cement (six German and one » French). 
“34 For behavi ior ‘during s setting glass s cylinders 2355 inches high, 25 


___ oceurred in air or water—probably the former. The results reached dif- 
widely from those of Mr. Eliot C. Clarke, M. Am. Soc. E., who 
- determined that all cement setting in water expanded slowly for about — 
two weeks (see Transactions Am. Soc. C. E., 1885, pp. 167-8). Professor — 
- Bauschinger found that out of 28 different mixtures, in the case of only — 
were all the be broken even 80 days, while with glasses 


— 
ae a i From this, and the more detailed results given in the pamphlet, we __ : 

= 
7 q 
— 

— 
— 
— 
_@ 
— 
| 
— 
— 
— 
4 
Inches in diameter were used, but if 1s not stated whether the setting 
— 
— 
— 
— 
— 

— 


were pon nee and with 6 only 1. In 11 cases a glass was broken after 60 SS 
days, ‘and at the end of 80 days 60 out of 132 remained unbroken. 
these results are not quantitative as to expansion, they « are too indefinite - 


‘apparatus “designed for meesuring ‘the 
occurring as hardening progresses ; the first 
“measurement being made 48 hours after moulding the specimen, or | 
24 hours after the insertion of the small metal pieces (see Fig. 1) having 
a conical depressions, between which all measurements were taken. a 6 : 
oe measuring apparatus consists of a U-shaped piece AA, having in P. 
one arm a thread cut for the insertion of a micrometer saew. On the 
a screw is the wheel B, we ofa revolution of of which can be read i directly — 
and tha easily e estimated. On the other arm of AA isa ‘multiplyi ing 
lever DD, whose shorter (lower) arm rests in one of the conical cavities 
’ ae in the specimen, while the longer arm traverses the scale F’ on the 
frame- like extehsion upward of the piece . The spring E attached 
to this frame, keeps the lever in contact with ‘the specimen. — The | steel S ‘ 
- joint of the micrometer screw is in contact with the other end of the a 


Be prevent any possibility of pressure other than a definite stre strain of a 
contact, the whole w veight of the U and attachments is balanced about 
af the pivot a by the adjusting weight G, and the whole weight on the © ee ig 


pivot ais suspended by the rod H from the lever J, bearing a second 
adjusting weight, K. The rod H has ball and socket Joints at both ends. — 

It will be seen 1 that by y turning the micrometer screw 

in the center of the scale F, and making proper allowances for the dif-— 

fevences i in temperature between the apparatus and the specimen, 
also for changes in temperature as the experiments are made (since ¥ 

brass and wnd cement expand differently), the exact changes of length can ~ae 


iS The humidity of the air was found to exert no effect upon the spec- 
‘imen, but immersed in water changed | much more tha then those 
Five Ww of each kind and. each mixture o of 


= wee cabes of ees inches ona side; 3 of these were allowed to iden 
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COMPR 


als, with 
the results shown in Table No. 
4 ak It will be seen that the amount of water contained in the sand"was 


44 in every case noted, as well as the water added in making the mortar, 
‘Theresults may besummarized thus: = = 
or First.—In case of all three proportions of cement and sand, the speci- — i 


one 
Second.—The 


REPORT ON OF CEMENT. 
— 
mens hardening in air show a pr . 
E preliminary expansion up to an age of ab ae aa a 
4 
«WE 
ii 
— 
| 
get 


is 
of isi increased. In a number ot 


appe ars to accelerate the contraction 


4 Lotcoment too to 0 of sand .148 mm, to. mm. or from 0. 12 0. 34 of] per cent, 
-101 mm. to 177 mm. 08to0.15 “ 
mm, to 166mm, “ 0.08 t00.14 
Fifth. —With cement hardening under water, the phenomena are 


much more  imegular. In general there is a continued exgnncion, but 


a a few cases s at the end of sixteen weeks it was practically nothing, } 


Q “Sixth, —The expansion under water is in every case greatest a and most 
with neat cement, ‘increasing age. As the a 


amount of sand is increased, the expansion and ‘becomes: 


Seventh. —The of cement har water 


- st — 0.008 mm. to 0.027 mm. 

032 mm. to 0.027 mm. 
The fact that there is an expansion in water and a contraction i in =a : 


for the discrepancies between Mr. Clarke’ 8 s and Professor . 


“prisms, 4 inches long. and 2 inches square, hardening in in for 
periods, from one week to twelve months. (Table No. 4.) 
Te ees The table gives the results, from which the author draws th the follow 


Be: 1. All cements expand: more or less when hardening under water. 


The of good cement is so in i 


au 


ae 


— a 
— 9 during the first four weeks, making 10 greater as The proportion of sand 
Fourth.—The total contraction after sixteen weeks, for mortars hard- 
a 
— 
a 
= 
= @ube as one-tenth of one percent. 
In tone 108. of Proceedings of the Institution of Civil = 
— 
| 
— 
od ae a v4 3. The expansion is greatest when the increase of strength is most | a 

— 
— It diminishes in proportion to the admixture of sand. 
—— 
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5 ‘ti is este with new cement, and least with that which has beer 


eased | by t the sdmixture ote 


to 0.21 for the neat —- without gypsum; a to 0. 01 to 


wil 
figures: went up to per cent, and 0.4 AT per cent. 1 respectis ely. 
rr In comparing the results from this table with the | previous one, it 


land | cements, nt ‘hose of ho. former table on German and French 


of Table 3, the later ones, do not agree very pores with 
the earlier ones given in Table No. 4 4, as at the time by the 
Messrs. Dykerhoff. 


For example, the average of expansion for pure Portland 
4 


should be borne in mind that these experiments are on English Port- — a 


. cement determined from nine different kinds, 16 weeks old, is by 

Table No. 8, .000408, which represents the percentage of as length 

7 that the average specimen expanded immersed in water, 2 

y _ By Table No. 4, under the same conditions the average coefficient 

of expansion for pure Portland cement determined from “nine different 
i” kinds of cement is .000991, or more than double that of Table No. 3. _ 

By Table No. 4 the average coefficient of expansion for Portland 
fie cement-mortars, 1 part cement, 3 parts sand by weight, 16 weeks old, 3 

a8 immersed in in water, is -000221, while byT Table No. one is .000067 forthe 

same kind of mortars, 


for pure | Portland ‘cements s the ) average coefficients from 


he “while for cement-mortars the aver erage coefficients from Table No. 


about three times those taken from: Table No. fo. 8. 


‘This variation in the comparison the average results 


the two tables throws some doubt ov over the accuracy of the whole 


a _ experiments, al and makes it it quite a fair r question whether the errors inci- 
dental the smallness of the measurements and the size ze of the spec 
mens do not make ‘tabulated ‘expansion. of little value i in exact calcul 


great benefit really conferred science 


— 
q 
highly-burned cements, and that all cements contract when drying, and 
per cent. 
— 
a 
4 
| 
| 
7 
7 
— 
— 
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| 
care eful experiments, made with apparatus designed to. 


ove and compensate for most of the errors peculiar to all fine meas- 


instruments, to be i in the deductions that we can 


fact that a are e the sa samme in in both ts tables and are in accord w with Dt “the e - 


rience of practice ” ” to quote Mr. Faija’s expression on this on. 
‘Then most t salient of of these facts: are: = 


First.—That all pure Portland cements and | Portland mortars 
when left in the air, contract from the second day after gauging, onward — = 
tl » and probabl 
through at least four mont! 1s, anc and pro bably 1 y more. eae’ aes, 
Second. —All pure Portland | cements and Portland cement- 
when immersed i in water, 


Third.- —all pure Portland | cements, after. 

contract more t han when mixed with sand. 


Fourth.—AN pure Portland cements: and Portland cement-mortars 


than they expand wl when i in 
| 


While Sins facts are pretty clearly proven, the éxperiments 

(in: a a similar manner to those made on the expansion and contraction of 


cement- mortars when ‘exposed to changes of temperature) show ele 


doubtfalness when we endeavor to from coeflicients 


be ‘used in designing v work, 
For example: A monolithic wall, 1 000 meters coment- 
‘mortar (1 pa part Portland cement, 3 3 parts sand), betw een abutments 


- posed to be immovable, and immersed i ie water, would, at the expiration Be 


of twelve months from the date of its construction, and in dependently 


es, of tempers ature changes, increase its length about 0.31 meters (12. ‘ 
ig inches), according to Table No. 4, or nearly the same as it would after ip 


_ undergoing a change of temperature of 54 degrees Fahrenheit accordi ing 
to coefficients from M. Bouniceau, ‘‘Annales des Ponts et Chaussées,” 
mal 


1868. "(See Transactions Am. Soc. C. E., Vol. XIV., page 495. Now m most 
"engineers familiar with walls of this character would be « ing Ea 


to accept the above expansions, derived though they are from careful — 


on ‘small specimens, in the light of the experience of 


s same » wall, as stated if instead of being built in 
een n allowed to harden in at the ‘of fonr 


— 


wad 


—— 


| 
— 
a 
a 
> 
— 
7 
a a 
— 
— 
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volume due t to tem 


Henry Faija, in his work on cement, entitled “Cement for 
> Users,’ ” Test edition, 1884, ‘discusses "Table No. 4, and vainly endeavors t to 


be 3 reconcile it with the record of all large concrete w orks, such as the Ne 


ictoria Docks, where the tical cracks indicate contraction, and ye 
y Table N No. 4, , expansio ¢ 
This difficulty Ww ould 


Bausch inger’s later xper mbodied in “Table No. 3 
g 


contr action is shown i in every for mortars in air; just as expansion 
ate 


a is shown i in every case for mortars i in water by —_ No. 4. 


In this connection ‘the the. Department 0 of Docks 


crete, began to extend over considerable distances i in monolithic masses, a 


inter rvals from 150 to 200 feet Poste joints have opened about 
of ‘an ‘inch, and do not seem to be | affected by temperature change 
ia ‘ hey have also” stopped the irregular ve ver tical cracks from appearing.* 


i As about half of the concrete in this | part of the wall is s alternately w: et 


and dry by the action of the tide, : about one-fourth is immersed all the — 

ti and one- is out. of water all the time; the e resultant 


c contraction, that _ undoubtedly takes place, is the component of the | 
forces of contraction and expansion which occur so sometimes ‘together 


and and sometimes separately | as Ww all i is submerged by the tide.+ 
"Although sc so much p prominence has been g given | of late years to the 


of beton and concrete in large quantities in 


ers of the 
serious ‘effects of all | concrete Ww that hardens in 


A wall 1000 meters, or 3 936 feet, is equal 'to say ewenty 


; of 200 feet. if one such tength % inch as mentioned, twenty would 


if one su J 


tig 


— 
— 
it Variance With Our expe- § 
i 
— 
— 
Sg 
= 
sinner nortion of the new bulkheed walle. built of Portland cement 
q 
— 
— 
4 
= 
— 
— 
— - 
= 
— a 
— 
— 
is ever dry below high-water mark, on account of the absorption and retention 


— 


REPORT ON COMPRESSION. OF CEMENT. 
‘ 


_ and where these joints are not used in large -conerete construction S 


ouble is sure to be e experienced. the building of fourteen large 
vs ns for burning cement, about three years ago, conerete made y 


sendale was employed. In the plan the kilns wwe built in one 


“piece of concrete mason ry, about 50 ) by 20 by 150 feet, W with the neces- 


My ic 


sary” openings and arches. Shortly after construction and use serious 


Ay 


cracks appeared, a1 and rendered repairs wore 


never” satisfactory. If v n properly placed, 1 no 


trouble would have The Vanne Aqueduet in France is another 
in point of e engineers employi ing beton and concrete w without provis- 


ion for con contraction. 1 This ‘his aqueduct, mentioned by General ( Gillmore in, 
work ‘Béton A Agglomaré,” as an example of the ‘successfal 
‘application of beton and concrete in monolithic ¢ construction, was builé 
about twenty Years ago, and is ‘now, according the testimony 


French engineers, in bad condition. Cracks have appeared i in so 
"places, and are still appearing, ‘that the leakage question has become a 


serious one. In addition to to this several o of the large. beton con agnet 
arches have been ‘propped up » by building cut- stone mason: 


-derneath them to prev ent their fall. 
In this case, in the light of our knowledge material 


whi which the aqueduct i is built, it scoms reasonably fair to suppose that 


if vertical joints had been introduced over the p piers s at suitable , distances, 


fev few of the cracks ks now so t troublesome e would have a appeared. es 


With regard failure of the arches, while contraction 


or might ‘an important factor in 1 the ‘case, the French en neers 
as eribe i it to the use of beton coignet. 


‘Aser series of experiments now in ogres show that both and 


Rosendale | cements, when mixed ne neat, absorb | about the same a amount : 


of water as when mixed with two parts sand, and the absorption i is aed ‘ 


water 


is greatest when neat cement bad s used, it is possible that there is some 

‘connection between absorption | and expansion. This might also 
t ction of neat cement-m 

the greater contraction cement-mortars, 


These results are sufficient to show that the quantities involved, while 


no importance to structures of mponsiona, may y become of 
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(132: REPORT ON COMPRESS CEMEN 


om: moment when great great lengths: of masonry 
The region is that pertaining to the important changes 
curring during the first 48 hours after: mixing; the mas to 


under: ‘pressure ¢ or not; the in inv vestigation 0 on of the ‘whole uns range 


of changes ‘which occur in our native cements. 


All \ll experiments: in this direction should be on sufficiently large meal 
a imens to eliminate small ¢ errors in ‘observ ation, and all | cireumstances ae 


‘The Committee therefore ask to to be « continued. 
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